12 United States Patent

Abramson et al.

US010254266B2

US 10,254,266 B2
*Apr. 9, 2019

(10) Patent No.:
45) Date of Patent:

(54)

(71)
(72)

(73)

(%)

(21)
(22)

(63)

(63)

(1)

(52)

SYSTEM AND METHOD FOR DETECTION
OF A CONTAMINATED BEVERAGE

Applicant: DrinkSavvy, Inc., Boston, MA (US)

Inventors: Michael T. Abramson, Boston, MA
(US); John C. MacDonald, Jefferson,
MA (US)

Assignee: DrinkSavvy, Inc., Boston, MA (US)

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 156 days.

Notice:

This patent 1s subject to a terminal dis-
claimer.

Appl. No.: 15/351,810

Filed: Nov. 15, 2016

Prior Publication Data

US 2017/0059542 Al Mar. 2, 2017
Related U.S. Application Data

Continuation of application No. 14/535,446, filed on
Nov. 7, 2014, now Pat. No. 9,528,973, which 1s a
continuation of application No. 13/204,708, filed on
Aug. 7, 2011, now Pat. No. 8,920,857, which 1s a
continuation-in-part ol application No. 12/977,009,

filed on Dec. 22, 2010, now abandoned.

Int. CI.

GOIN 33/14 (2006.01)

GOIN 31/22 (2006.01)

U.S. CL

CPC ........... GOIN 33/146 (2013.01); GOIN 31/22

(2013.01); GOIN 33/14 (2013.01); YI10S
436/815 (2013.01); YI10S 436/901 (2013.01);
Y10T 156/10 (2015.01)

(38) Field of Classification Search

CPC GOIN 33/14; GOIN 33/146
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
3,450,327 A 6/1969 Ludder
3,480,402 A 11/1969 Jackson
(Continued)
FOREIGN PATENT DOCUMENTS
GB 1210295 10/1970
GB 2418248 3/2006
(Continued)

OTHER PUBLICATTIONS

Final Office Action 1ssued 1n related U.S. Appl. No. 15/013,513
dated Aug. 7, 2017.

(Continued)

Primary Examiner — Iill A Warden
Assistant Examiner — Dwayne K Handy

(74) Attorney, Agent, or Firm — Michael T. Abramson;
Holland & Kmght LLP

(57) ABSTRACT

A system and method for a beverage container configured to
test for a contaminated beverage 1n the beverage container
comprises a base of the beverage container, an upper portion
of the beverage container, and a sidewall with an 1nner
surtace and an outer surface that extends from the base to the
upper portion, and a testing material. A portion of the
beverage container 1s the testing material configured to
visibly react when the portion of the beverage container 1s
contacted with the contaminated beverage.

40 Claims, 19 Drawing Sheets

¥z
._F L]
WiV v,
kS
P T ey
#lm'.'
j i S I o
- v \ ® .
. k ‘_' :-I‘ I,. l-"."_ 1" -F. :.
y -. ‘ :E 'q-"'-'1: e "..'1 ]
.‘i:: . ; , .".'k-:__ ".l :
':. o R 5
M "r .. :"; _.l:'_-' .1 ‘:; :I' :
' = R AT S
4: by o+ A 4:1 : " -_-t-‘q'-'_.li" .l
; 'i- “ : " : :-: :1-':'"-'::'1- w "
' : E:::% ] A :I T -ll' Y ::-
p ; ’. R R O L
g B r'w-ﬁ;} mte F:::) R R S RS2
) "l"‘.- . *:-"; PR y s ;h:"-'\l-
5 . Nl ek A
wir »?! Oy I
-i. .'!:‘1“' .:"i'irl: " 2 :::"
) 2 IRk I LN ICY
v SR, e
. [ r:‘ -I '. Fa
Rt A
o - L “ ':
; 7 )
" - ™ “‘1- e
i s
> []
R
SRR R R R R R
r r
: ¥ L] ' ' ".'..I'ﬂil ] ‘-'r"r".. 1 ] i y :I
suenane WAL R0 YRR N WAL
.?p - ¥ i B : i ujh alpeat L M
: e RS L ; F o r
* N r L] * %r.r
:I e " ¥ Wurh l!r.- ‘I: r :_'-]:.\' ".::I"
¥ ﬁl‘ﬂi? - } Pl -i'q' 1 K4 o
:. PR ‘l_ : :ﬁi ;\ ::..- v . | A A i i e e
,: ﬁp"‘\"' G A # [ ] .' Ayl e e e e e !"1"1"1ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

BLASTI




US 10,254,266 B2
Page 2

(56)

3,768,978
3,876,378
3,930,592
4,168,676
5,154,448
5,456,754
5,809,341
5,989,923
0,153,147
0,156,431
0,541,260
6,617,123
0,620,626
6,689,316
6,703,216
7,238,533
7,402,441
7,968,346
7,978,333
8,048,680
8,227,254
8,241,819
8,398,920
8,673,651
8,834,946
8,920,857
9,285,352
9,528,973

2001/0046710
2002/0072079
2002/0192722
2003/0026731
2003/0110951
2003/0111003
2003/0224474
2004/0038408
2004/0096569
2004/0121420
2004/0146429
2005/0101771
2005/0153452
2006/0035288
2006/0144730
2007/0065338
2007/0083009
2007/0099300
2008/0006600
2008/0102482
2008/0145272
2008/0145959
2009/0128803
2009/0197297
2009/0266290

20

10/0041078

2010/0081188
2010/0112680
2010/0160556

U.S. PATENT DOCUM

i il g gl gt g

AN A A AN AAAN A ANAAAAAAA A AN A A

References Cited

10/1973
4/1975
1/1976
9/1979

10/1992

10/1995
2/1999

11/1999

11/2000

12/2000
4/2003
9/2003
9/2003
2/2004
3/2004
7/2007
7/2008
6/2011
7/2011

11/2011
7/201
8/201
3/201
3/201
9/201

12/201
3/201

12/201

11/2001
6/2002

12/2002
2/2003
6/2003
6/2003

12/2003
2/2004
5/2004
6/2004
7/2004
5/2005
7/2005
2/2006
7/2006
3/2007
4/2007
5/2007
1/2008
5/2008
6/2008
6/2008
5/2009
8/2009

10/2009
2/201
4/201

5/201
6/201

NV AR WM

o O OO

Grubb et al.
Montagnon
Dilanni

[toh

Grithin et al.
Matheson et al.
Woodaman
[Lowe et al.
Craig

Kitchen et al.
Pariseau et al.
Smith et al.
Bodily

Blyth et al.
Parsons et al.
Legge et al.
Lowe et al.
Reed et al.
[.owe et al.
[.owe et al.
[.owe et al.
[.owe et al.
Hyde et al.
Cordani et al.
Abramson et al.
Abramson et al.
Abramson et al.
Abramson
Cutler
Woodaman
Stolowitz et al.
Peter

Tyler, III et al.
Engelman et al.
[.itman

Abbott et al.
Barkalow et al.
Smith

(GGuerra et al.
Kouzuma et al.
Williams et al.
(Green et al.
Greenberg
Schindler et al.
Chai

Cordani et al.
Greenberg
Grossman et al.
Feaster et al.
Grupp et al.
(Gan

Murray et al.
Sliwa et al.

Bendinskas et al.

Campbell et al.
Brockwell et al.
Wallrapp et al.

EINTTS

ttttttttttt

GOIN 31/22

2010/0197516 Al 8/2010 Holmes
2010/0248334 Al 9/2010 McDaniel
2011/0039346 Al 2/2011 Bradley et al.
2011/0053276 Al 3/2011 Zehnder, II et al.
2011/0165687 Al 7/2011 Grossman et al.
2011/0195507 Al 8/2011 Dancer
2012/0160725 Al 6/2012 Abramson
2012/0164278 Al 6/2012 Abramson et al.
2012/0164279 Al 6/2012 Abramson et al.
2014/0342464 Al 11/2014 Cooper
2017/0160253 Al 6/2017 Abramson

FOREIGN PATENT DOCUMENTS

WO 1996027795 9/1996
WO 9714781 Al 4/1997
WO 2006-18619 2/2006
WO 2009-6254 8/2009

OTHER PUBLICATTIONS

Frankel, E.N. (2010). “Chemustry of Extra Virgin Olive O1l: Adul-
teration, Oxidative Stability, and Antioxidants.” J. Agric. Food

Chem. 58 (1). 5991-6006.

Non-Final Office Action 1ssued 1n related U.S. Appl. No. 15/013,513
dated Mar. 13, 2017.

PCT/US2011/001521 International Search Report and Written Opin-
ion dated Dec. 30, 2011, pp. 1-12.

Jordan et al., Surface-Initiated Anionic Polymerization of Styrene
by Means of Self-Assembled Monolayers. Contribution from the
Dpartment of Chemical Engineering. J Am Chem Soc. Jan.
1999;121(5):1016-22.

International Preliminary Report on Patentability for PCT/US2011/
001521 dated Jul. 4, 2013.

Non-Final Office Action 1ssued 1n related U.S. Appl. No. 14/573,443
dated Jul. 17, 2015.

Non-Final Office Action 1ssued 1n related U.S. Appl. No. 14/535,446
dated Jul. 17, 2015.

Non-Final Office Action 1ssued 1n related U.S. Appl. No. 13/204,708
dated Aug. 20, 2014.

Notice of Allowance 1ssued 1n related U.S. Appl. No. 13/204,708
dated Oct. 24, 2014.

Notice of Allowance 1ssued 1n related U.S. Appl. No. 13/404,663
dated Aug. 13, 2014.

Non-Final Office Action 1ssued 1n related U.S. Appl. No. 14/535,446
dated Jan. 14, 2016.

Final Office Action 1ssued in related U.S. Appl. No. 14/535,446
dated Aug. 4, 2016.

Notice of Allowance 1ssued 1n U.S. Appl. No. 15/013,513 dated
Mar. 7, 2018.

Non-Final Office Action 1ssued 1n U.S. Appl. No. 15/434,557 dated
Jun. 29, 2018.

Final Office Action 1ssued 1n U.S. Appl. No. 15/434,557 dated Nov.
30, 2018.

Notice of Allowance 1ssued 1n U.S. Appl. No. 15/434,557 dated

Dec. 13, 2018.

* cited by examiner



...................................................

v

]
]
: W

N NOUEOd HIMOTESYE

US 10,254,266 B2

o aal

St
ANV INOD J0VHEASE

Sheet 1 of 19

ol T

Apr. 9, 2019

U.S. Patent



U.S. Patent Apr. 9, 2019 Sheet 2 of 19 US 10,254,266 B2

a .
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
[ Ll

o'a'a’s’n’sls’ -

oalalely wials wal rmma ammm e ,\.ti‘.

FIG. 2

- .-.;.-.f o o e lew - - m e

mmmmmmmmmmmmmmmmmmmm

LR RN LN NN WA I A I NN

383
$.22

HHHHHHHHHHHH

" -
A

.....................

a5




B Oid

......................................

US 10,254,266 B2

P . K L 4 -
¥ b o R N N
» 2
o W

.-I.‘,.'.f. "

égéﬁ!-AﬂJ“T:

Sheet 3 of 19

»
L, b
LI i )

TP LT iy -..-.-.ﬂ,', '

k:

-

ety

¥ - SR

wintntntets

‘Wﬁﬁ#l
. l*l.*l*L*l*n*l*n*l*n*l*n*l*n* L
.-.-.-.l-.-.-.-.-ﬂ.-.-.-. :

u ww”.

TGS

[ 3
Y

i
:
)
')
)
i
')
)
i

L L T L L
o A A

. B NN s aa ey _,_._L-vﬁ:;. .

et Ry Ty Ry Ty Ry Py Ry T Py iy

RO RN

JJJJJ

Apr. 9, 2019

aaaaaaaaaaaaa

¥
: I'%

'*J

oy

LT
.m.ﬁt

it

Wﬁﬁhﬁh

: E-t.a}.atliilt.lpl1:l‘i}tl_,.l.,.l...,.l.n_,.l_._,..l.__.__l-.-.lr b

......

~
-
L
)~
A Mo
“
-

...........



U.S. Patent Apr. 9, 2019 Sheet 4 of 19 US 10,254,266 B2

R UL DL U DU DR UL DR DU DU DR DU DU DR DR DR DN UL DR N P
LA R A R NE R ENNER®DENNERNE®NH®NEH:.]

L R N DS DL DU DU DR DU DL DU DL DU NN DL DR DL DU L P ) L DU NN DR DU DL DR DL DU DL DU DL DU DU DR DR DR DR L P ) L DU L DU DU DR DR DN DL DL UL DL DU UL DU DU DR DR IRR PR ) R DL DR DN DR DU UL DR DU DL DR DU DR DR DU DR DEL DL DN DL A
T""‘-"-""‘-""‘ = LA R N RN R N NERERRENNLRE®NNNRHR.] LA R N NN R RN E R RN R NN LA R B N R BN NERERNNERLREN-NHNHN.)
d
-~

A 4l Al P

LI N, A -!l-‘t‘i-‘t_t:tti-ttttt#ttttt I TIC OO X

----------------------------------------------------
-
[ ...i
- . .,.i
. -
-
[

i . .'..- o l. A" _.'.#'- - P, L .
2 I, T . Bt P
' L " - L] L] L] A " L ' ., - - -
K et WA B I Ml et e i o W N S
: * " 4 Y A RN e, S LI e el P L.
K ) ™ d . ' L) St Er A gt A ¥ 0N - "H-"H‘ W L .
B J B, 7 ; o LI ot )
4 4 Ao m a
N “- <4 S S et ;. "!.;_
t 4 < - :.-r
v : ;o )
'}_ - . ! m
KX W W A smees seec S ;- : ;
_ ; E L I R R . , . T -
; . 2 w A TR SR il leielelen s ma raule e wnant Cninie s wale a CY }
| ] ‘ ]
3 . g
[ 4 [ -
» L4 ) ) v
: » % '
. [
H * . (:E}
¥ ‘ ra——
» s R :
Ex v il e B e TR - bttt Sviditele? ittt olet dielel el TN M TR A TR TS SRS TR TR TN SRS Y .
» . : . -
4 * ] ) 2
: . B ,
. ' P,
] - "
» - o
s Wl L e e P (A raw T TR TY T IR Y Y Y T
T e A naa s aalt Sl A RS AR Tt et et WS RS S i man o
¥ ":- : § §
¥ e
t - ] T
. . -ﬂ 1 -
]
L]

T2
v
¥
s

F
- S
B Y

=i wir o= ol W ol sl ol ol ol i ol ol e bl R

3.8

CNo
e
v

g 'E;.T!_.ﬁ'

g
cr S

R R

2




U.S. Patent Apr. 9, 2019 Sheet 5 of 19 US 10,254,266 B2

.: ?H“HT“HH“MM%MMW“'HMM‘
. R ¥

e
". ............

1111111111111111111111
iiiiiiiiiiiiiiiiii

"y oy i oy "y i "



U.S. Patent Apr. 9, 2019 Sheet 6 of 19 US 10,254,266 B2

M ' - B
el ij""’.;;"é § *
L 3

FIG. 3d

e
5-'1"‘-’1"‘1"-"‘1"‘ L il B Ll L L i :.-
a ll| 4 4 d 4 _d 4 d_ 4 d 4 d 4 d_4_d _ 4 d 4 d_ 4 d _ 4 d_ 4 d_4_d 4 d_ 4 d 4 d_ 4 d_ 4 _d_ 4 _d_4_.4d_+4 .
. x
u . L

lllllllllllllllllllllllllllllllllllllll

L e LR




US 10,254,266 B2

Sheet 7 of 19

Apr. 9, 2019

U.S. Patent

b Ol

aaaaaaaaa

25 v.\
L L el
MEABEN

e W

A5l

etetete tetetetete




US 10,254,266 B2

Sheet 8 of 19

Apr. 9, 2019

U.S. Patent

G Ol

; \
“m.. p
: i
] b i b .
4 Wt *
R4 SN

£ w. : ,wﬁ :

f...um." a...u " a....._.c. : W.M oy ...J.v- b m. .."a...m.m
s .r...u.. =S f.:.e; ..ﬂ f Sedet] i ST 20

. *. *. *. *. *. *. *. *. *. *. *. *. *. * *. *. *. *. *. *. *. *. *. *. *.
.

¥

Yt BN N
f_....-....__r. ..n..n..n......_u..ni..-
.““._.
'
[ ]
- -&.m

.'—..I

AR, uu _. t__ “..
X¥i 4k

rrrrrrrrrrrrrrrrrrrrrrrrrr

'.,ﬂ

oy,
*u,
W
o

i
.“._ -ﬂi.-h_._...f o _”_"F M
R y
| Lvis
| ] L
Y P
\ e ._..z.f

4
AN
s
=

L 2 E B k2 X 2 B 2 B X 2 K E X X2 E B 2R X KK



US 10,254,266 B2

Sheet 9 of 19

Apr. 9, 2019

U.S. Patent

., I‘I.I'I-I‘-I‘-I‘..I‘I.I‘I.I‘..I‘I.I‘-I‘..I‘I.I‘-I‘..I‘-I‘-I‘..I‘I-I‘I-I‘..I‘I-I‘I-I‘..I‘-I‘- .,

e

e
4".-” ._._WMW-
LE - ﬂ
Mg 2

e b e B R B
autin .ﬁ.wﬁ
3 CNUCRAE R S

S0 TTa
JEaR

)
L

Sy

LR A
o
LY

23

g i

£




US 10,254,266 B2

Sheet 10 of 19

Apr. 9, 2019

U.S. Patent

ZHION

d9 Oid

aaaaaaa

L
$i
et
,
;

YOOWTd

iy
Rtk EHEE

i

YOO W

b AT

|

30V4HNS THIRHLNG

.f.
™ L



U.S. Patent

Apr. 9, 2019 Sheet 11 of 19

ll..ll-'..‘ip,.'.
-ll-I - l. * -4" L O ""‘:'.' "‘h *‘ -l' 4,
-.:"I n...‘- -.;*_ l---lI----ll‘a:;‘:_:‘:.l . -"_.:-."
EAREAER SRS E A '.‘ M, e N - "."."-*1.... . = 2"t .
. .'_::_: -: L e o "‘-..."'., . ::::: [ '..#."‘-I._i._i. e F ] .-h- ‘.‘.‘-.‘... -.'-I‘- R : : "":l.l.- L] !-f'__l" .
"’_ ;. 1.‘- ": ' #:"r*-"- L q.-‘:.. PN q- vy [l :""‘!:_l:l* . 1'l‘| -!‘
'i*-‘ " -I‘*.I l!-l-qq-l'"ﬂ'#llll-l'-l-lq '-Il "l*""“"‘lﬂil"i"
¥ L -.q-l-l-l-#-l-blrl.. ----- Pl Y ' .
) .:t‘-. ., .y __i-: b'*-' rE®r L & i""‘"l' . . -::: 'lli.l‘ll'_l'l.lly “;-;-
.. ‘-“"""‘.Vb'- '.'.".'*"'"""*" "' . . -“‘*‘- .:' L] ‘.l\" ‘-*-;-I 4‘. [ ] l.':-*
"-l l' - * '; "-'I-l"-ll ;: i'.:.- |":-'4- "ﬂ 4-‘-'* . * -;-
L N | Lo Ll T 1 Ll Lok s »a E &
."‘:“hl [ i::‘ ‘.‘ L -.“?1- 'r" . :;I"' :l' & r '1'.‘- .ll'i
S "- e "I -4'1'* o ' l-":.,' ':- e n “".
N i . L ] - -l._ I‘- - -
! | [ L [ L) » -
LR R l-,._-l-#.. . 1,::‘ . .;:::::.:""'-. ::E:::-. - ;:- By ::;. y _-;t-' -:: ot '::.
- f * il-q r ] B . L] - L3 .-r' T 4 r o
':‘rf‘ LS Rl e 1N
o RE . R N n
u, s . _-'-.il_ ) —a e TN A .il &
-:. ""':.* . -';"". ’ ."':*n . Taglet R ol ‘l'*“".‘i‘# - ‘t‘:ﬂ":—% ;" '.:
T iy, i e .
oy "r - . :i' - * l-' 1:
“a vy -r i-_:lr"- T v -l: . 'ﬁ . " "
LY - . - . N - -
".*"- i #?E:: i a sty '..‘ ’ ‘-‘-“:'.:' ::l :‘: 1-"!-.' ':-.' ‘: "::F - "." 1-'::
" [ ] [] » a LR RN - LA x . []
N R . ey o o
v K ':' -t T T ¥ -r' - N I:P ‘i' Ml I = b
I-: .-:": . - * alxthn o *'- . i-t‘" 'y -.':' ) ""l:l .- "q"-."l-'a":p » R ol . : Rt
:l'l‘ ':l 'II'. :'i * ) ;-I‘_ * ‘ﬂ‘:#.l‘ " ‘II * """ L :-1 1 11-.:!"4'?" -t:q.‘ -
-i‘ ll- -q. . . I'-b |-‘.I . 'I T T . 3 -|._-|-‘_-I“
“r . e, 0¥ el AT A LR
_|._l|¥_ll|_i|Jll?.*i.ullru'll ‘.-;.:' u”l ':- N ar i b i g RN AR '.'-.‘_. "f'- I._ l:l 'i.lq. . ‘E:-i‘ ll_l:i"
e By e, wa ,,.“._ atatea 'l:ll " ""‘"1. l::‘-h e e g i
; ey, e R &R
S iy e T a-""-- l e e . ) o
3 > P e %
h" '-‘_' J‘J i [ ] ll-l ._l L ‘.I-
::; '-" "1-.' e #:..": f.‘:-".-:q; o -r'::
.:'l. .l."' ’ ' -.‘ ¥ "*..‘.". i CrnE .¥ v * ‘.'r'l‘-"lll' L R i t' !" ".

]

PR - o

Te “‘\l L IO ] L I!#--*“-‘.."I
L -I-I'i'!

%ﬂ-&ﬁi}{}uﬁ S “ﬁ'ﬁx‘gﬁb‘} %ﬁ‘ﬂ}a

LI [ N WL DL DL DL DL DL DN DU D DL DL DL DL DL DL DNNL DL DL DONL DL DL DL DL DL DN DL DN DNNL DN DN DUNL L DN DUNL JUNL DN DONL RN DL DONL DL D DN DL DN DN DN )

US 10,254,266 B2

[ T e B e e ol S S S R e o8

FIG. 7




US 10,254,266 B2

Sheet 12 of 19

Apr. 9, 2019

U.S. Patent

e e e e

TNOBIOVE HIRAT0G

.l..-.....-.....-.....-.....-.....-.....-.....-.....-.....-...‘.ﬂ.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘

2t

h

..m

W

.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r

1.

x

i Ty

i H!?!_'i!_:l!':il |

A Hﬂ‘ﬂ‘ﬂ!x

8 Dl

REEN

e T T T o o T o o o o o

Xoo
ks

-
4 .,
e
I
Ly -
Y
X
ol
o HH. Ll
x“r.: 3
Fal
i |
x -
N
[ arl

'
‘_\l'!"r‘l __l"ll

....

JE%

.ﬂ“

OGO HC YOI

#

''''''''''''''''''''''''''''''''''''

shEiE

e e e el e e e

R R R e e e e e e e e

L S S U S N U S U S U U VO NS U N SO N VU U U S Y SO VS WU WU Y R SO U S S U U Y S Y N U R R Y



6 i

B w-. AL |

US 10,254,266 B2

| ]
. " ”1.__- -._ﬂ- . .
-..__ . » . .
F L] - a
fl .l -
'l .l [
'I .l
fl .l
'l .l a
'I .l .
fl .l . b’
'l .l .
o Y * " *u x
L] - [ ] L | - L]
¥ ¥ ) - i -
= - L] [ | - L]
™ & - - a -
....._ - LA [ -
* - L] L | -
[ ] [ | - a
* . LA n -
y

TR AL AL A

5

i
ol
£

2 e R N T R R A R E T

i
r
L]
r
*
T
L]
]
L]
-
r
a
a
[

L] - A .-.._. i..l.l.._ .!I.-_ -
i A
d= LB ﬂ a ._.i...

¥ A
__.l.l..-. I.I.-l._.l. ' .L”..l..t.._ "ant, ﬁl

f4iifh 5

o waly U.M .H_l.._._-_t.._ﬂ PO

I-*I*I.*I.*l *

P

.
]
N
I

Ho
PrTIS S

e
L
[
[ W |
] & -
'I'I'_'I.“I"‘I'_ A i 'iibb‘l
2 ..
[

i

Sheet 13 of 19

. ey g S
s ._..,ﬂ....uu..m.._.. *e F
‘-m LN LA W
7/ ;
e o
.w.._. WW i
7 S oy
%\.ﬁ%. " : 5 W et ..ﬂ..__.___._.“u ..wﬁ..n._.- W.uﬂ
.." ”. ”.__ "- __.Hh_..n.t. i ._._..-”.-J.J%
: e, ¥ ’, . i
. ol ¥ . b :oon i
ik S B ¥ e & ] . o
: = e : : R :
m AR SRR S AR RS LR A RY (R L L AR AT LR RS LN ALY AN R LS LR AN RN E LY .&.,n.,u.,n.,u.,n.,n.,n.,-.,-.,n.,...,-.f.,-.,n.,n.,-.f.,- A ...v e s s s
L e e d . - - ¥ - A 2
‘ mw. W._.m.aw.... B v noL 1 - s v . n.%m.“uﬂ 3
] PR A - - ¥ ] N ] g
" H.._v_ a. th_u M ﬂ ” ”“ ”“ “.“. "” -.... .._._r.___....-_.___...- ; ..._._.I. V.- [ ......__-_ n.. X w
&N : o ‘ : i SEATIRIA B %
] *, * *
R T E o B P
= - MR
— : e : B R
‘' . : : X
% b NI ...m
. . *
. I~ e . » » . - . . M lr
S : R R STATIVTT T I
k! et 3 Ve %4 el 3
- y ERRA XS SN L
“ ol o %
...' l‘
A L) T A _
."n " i
»_ - -
" v N
.n.-... - - X _
7 ”” "” L Y ....l...l.__ ._.._u.-..__. ol :rﬂ...ilm..ﬂﬁﬂrh___ ....
L L] . o' man s A o
ﬁ.l...- e ”” "” .1.. . ' __.-l.....ll_.....w .ln....l”_..q.-1 .-_..”..ﬂ %\l”ﬂ..\
M ; o o 2 5
- m v i .\. e

-li_i._-r

N T e e e e et e e e . s o IR S R et
e e g e e e e e A A e A i-f-f-#-f-f-?---f--%- .n:”-,-uwuﬁhu.\n.. q ek ."..wﬂ....m_..ﬂ o
L] ...-. ] l‘_ L 1 [ ] a l.‘ - gL 4 ll.

v
L] L]
-
. W
-
I
-
. .
-
-

T -
__.i
L]
-
i

4
T R T T Y
1

Wl
:
§)
-
Ayaad
b

-~
A,

:E:-'-'-'-'-'-'-'-'-"-'-'-'-'-'-

U.S. Patent
e



US 10,254,266 B2

Sheet 14 of 19

Apr. 9, 2019

U.S. Patent

0L Did

AL TN - Fa Ao, rmanr s ey L R T .. Lt p A
- “t-_- iy A .__.l.._..m“. i .-_...-"....-_MM P “ien _.f_._n .___n__.-u-. .4 . 1"11.- ﬁ “l.r - w. o -_l_.,l
+ . - . ]
e .-_-_.I1 .l.__“ I.-_-ﬁt ..._ll...”.ll.- iht. .-l.- .l.-_ I.I..__- ”.-I.I.__.- [Ty -.Im. .r .I - hﬂ %Ll 3 .-..-.'.- -l- .-.-_..-_ ' - l-.- i ..-l_ .- .-_
Fa'pg X AR ="a@gEipy axcsepeap e g g aerap s A s p s a e e EFfspy.-ax-ap s mgriar.ag g peae pa ‘B aasapdaa e MR ea e B

l'-'-'-'-'-'-'-'-'-'-'-'-'-'i'-'-'-'-'-'-'-'-'-'-'-
_i.-i_-i.-t.-i_-i.-i.-i_-i.-t.-i_i.-ixt.-i_i.-i.-i_-i.-t.-i_-i.-i‘a
.I- -.I-.I-‘.I- .I-‘.I-.I- -.I-.I-‘.I- .I-‘.I-.I- I-‘.I- .I-‘.I-.I- -.I-.I-‘.I- .I-‘.I-.I-.

L IR LR LR LR LE LR LRELCE LR TN

tetrtrtrtetrtetr e tr tete e e te e te e Y et Y e Y e

g ey M. W mm, * W .m iy @W
% [
\ SOV MG

dn dn_dn e e e e e e e e e e e e ek

*
' b . ¥ ; &
i oLl wm ir v : i
Co g o : ; :
+ v : *
+ % . "” b , " “. H
“ “ ".__ ] - “ . +
+ I 1” Y H i- ”. H
: ; ; Lo ; : :
' ; "” : ; : :
: : b — i i : D
+ X L " ¥ v : -
+ > L " « o M -
+ X . ¥ . v . H Iy
“ 4 ; -» - .. "" - + 4| ... ..._
r o F F 5 "y FE e - ” .. e l.._- .. l.. .f... - .I.-.-_ .I..
SCD G IIRIRINY. SPPPIIIIN _u._...}...b.“..._.,.....h...u....".u.,.n..,.n..u.....a....u......... L e EE D T L e B e T L L ) TR S W RV S T
I L .” : ." 3 m. H : .. % A S A RN i SR A NI
+ X . "~ ] " M 'y P ““.
: 3 % : / £l &5
M 4 o - + s 1 .
+ X . "~ I- . : -
+ ._.' i._. ._.- i- + "
+ X LR " i- M r
+ s N " " + '
+ X LR L i- M !
+ I . A " + ]
+ X LA b "" * "
: : " X : ; “
L] -

k . % o vy u"
ﬂ}_ﬂ_l\a“tr ﬂ. ._l_.. r 'y

mwm 54
MUY My

L i

L R e



U.S. Patent Apr. 9, 2019 Sheet 15 of 19 US 10,254,266 B2

(I EEEEEREREEREEEREEREREREREJRJZE.)

D i i o i i b it " it "t ot o ek e

i d
s LN L] Jrlq__l*'.q_ -

qa-"-"l-.'l-"h'h., .|||r--.h.h-bb.q..n.'qq-"“-. "I"J.-'q
B LA 'y R I A C
r k- 10 L] L ] . L] ll-l-l'a wh B
;,.-.-r....a.-...-a.-.,..q "lrhiril-|l|l|--l'1 L L R
R R 'I-lrIerq-qill 'r!'ll'r'rll-qlqlql-l'-l'-l-ll-ll-ll-ll'r 4 4 b - L N |
. Y LI 'r VTR ek 11.1----;-.....,44.... ™
M L] X Ly T ¥ 'i'lr**l'ﬂrrllllilqﬂ-blll'#lﬂrt- LIE |
T A wt v, - E U MU LR N O I M
- . h » ¥ b m\q.kbb.ﬁlbbbbbb;.l LI T U
T N -‘I'-u_!'!‘ﬁl#*l'l' e S L IC DR R A T M T A I Ak N
“x R e l._lr ol e T » ._;‘.‘.* . K- '.".." . R ',_;r'.,h .::. *le o
A q- a W - qq. a Ta ..-11- - 2T T Y | r -ql,
. = T W L 3 . B k& n L = . 1]
:|= . --r-.-......‘;;;-- C TR N w e LR LR Ir‘_-r* L
. ] LN T ) L L I | LI I-I'lllllrll EEE L
R Y tﬂ et Ve i P et T, PO T A e, Ta
n ¥ Ty - ¥ L ] W nll-:l-l.....".} L Ta ¥ y
. 'rq-" LN L | '.i'-ll". L 1 F h Rk b - L L] L
E bl ] Ll L ] L] L e & i LI N I R L] L ]
7 ‘-i 'J"I"u A T "-"lr . Jrl*'*".'- * ) kT I‘ll 'ﬂril-l"r“'"' e " 1*
- S u L 'l'_-l‘ . L l"l* * i l!" . b"»,"q.".."n.'r l'l'_"'.‘_\.ll bl l"—‘#_"‘t “"-I L r
Dl =g it e e et :q ER R Ty et g =T e WYy o p
. a . » . . ' ' .
R0 M, B el
. ) e, e e e AT " L pES e, L o
i, L x e - e ety P » ' e
W ot E F [ F R s F R R L B v a LI r &k
& * L] 1 " R_a i a F " oroc Kk T, *a X X n T
» - =RF AL LN R N AR RN X =T LIE - B EULE B EOEE
o - F A r B 4 & =1 L N A -y Irlllll'-l'!'
1 1ol & R LY B L LA | bk dr oy I|-"|r1"ﬂ|"|"| -Ililll'llll'!*
ok k) - Ak - § -k kowo- RN LA
1'-'.- '*"I"-i 'll. N l.l' 4'. 1T r'-r‘ J‘ll'.lllll"llq.".‘rl'-4' ""ll b e -
b ll - LA N O RN lll-lqli'-llll-lllll" " 4-41- - & - I|-Il'
q-l-l -.-q.ba-.--r S It N T VUL ERL LR ) "l J.--....J LRI L N w dp
. DR N BN LN 4--41111 thi**lqr--= “'ill#hilrr'l"'
R " '-ldrt.'- Ill"'-'i'l'llli"" R "
a ™ [ .,.,... & o = m oy L 'J
L 3 L ll"l'l'q-'ll-!!ql'l" I|-l" l"!l--'l' LA
' - - ] L SE M - R Rl I 3 N
-l T l‘_q =" > *'l_lll'llr L "1
I - llrl-biﬁ
:'i '_l#_ ' !alll"i'rllll-"l'lllllr )
s ' l"“- “ “ mihm m w I- mm “ m
- - r l-'q."..\- [ .y . ' r |. [
mprielv ‘e m "-._1- ST T T s . M
a . I'1.‘_.. . _4-*_'4* . '_1“" .y - ,.: '1-"!- ‘..
il -~ e W i o o 1 T -
- B [ . . " [ . L -
-Ml,l'.,". . L + - . '--' .. am b, n'w ..
-‘.“‘I-Illl ""'-.." "" '\-4"‘" "f-l l-l'l-‘ .
Il..‘qil-i-' lI‘I-l'l-'l. .bi.‘. ."“- T : . ‘-i,.l-l-'l-“"l.-I|
g .-' '— o -.'-'I L .-'1- a's ' . Ty
LR LAC | i""a"‘#i.l' - = BN .“
- 'i . II'“' . "‘-I""' - ' s e I.-" ¥, ﬁ'-. .‘. 5
ol ".._.,.‘_:‘.".'.' N .-..q.-la- wa'e'e 1'1‘1-'1'-"' :'-"It -i;#l ot -:*
. L] -
. - v -
W B B B B B B B B B B B Be B B B Be B .l‘ y ot gt

I..L.I..L.I..l.I..L.I..L.I..L.I..L.I..L.I..l.I.

L,

FIG. 11

e

L

eyl

"..?."‘."‘."‘




U.S. Patent Apr. 9, 2019 Sheet 16 of 19 US 10,254,266 B2

qqqqqqqqqqqqqqqqqq

g
gy

‘%
FIG. 12

VN

J_F'I.



U.S. Patent Apr. 9, 2019 Sheet 17 of 19 US 10,254,266 B2

TR TR Y PO P R O, PR PR R TR PR PO R O PO FONC PO
I E R R R R R R R R R R R R R R R NN NN N
. , L R S EE R E R SRR R PR AR R PR AR R PR AR PR AR EEREEEE EEEEEE PR AR RS *"""
| . T m‘
' a_- r = r o
, & FF L og g N J" * LA | Ayl e e B d
-k =Tk .,.--bblra.n-.-.-l.b.a Rt S
m X L » L i"_lb R 'h 'a . b!-‘_q '
. 3 e P N L l.l-"'r*l-‘* e L s T e q- Aw o ] -\,'rq- by m naaow el -*J, - -
L L ] | EE %Y ow g s ""'\--I--I-lll-\-i 'y e - ~ . -
ﬂﬁ*v , 1Lk N L | tl*bbb-qrqq#rq ttliil#l oy
. - o - L L AT RN Ul S N ) . )
3 N I LD - EFCRERE IR A A .- l|--|| . T Ty ¥ .
W"‘ ¥ S [ J,.....--l-l-i LI » lJ.-J-ll...... ..Ili--rr.-q- - i
-ﬁ. 3 ¥ I-_-I_r"r‘lr‘ll-‘-‘nlr*!l#JIJ-Jr‘r-Il [ L "bq r' i ‘." L] t‘.-ll .‘ - IlJr .y L
o 3 4 O T L ] . Ok rr - o E N - r - .,Hr B -
M L \ 1'1-‘1-.' - - hh r . '1. L J. 1.-.‘ = . e \
k . 1 :l-':l-' - s lJr wT 'b:l- *b‘. - - i
[ , . a L] L1 T e T -a L
Lo ; ,"":"*"*'."' LE I T . lri o *_l'b-rq_lr #‘:*:¥:l:*'.‘# 1.“':" '1_.1- = : L - 1-:.. .
. . ‘. r 1, .‘_',,* WY, PR -'l"llrl.. r -*- - LT ., *, gy m .
“““ X e - [P ity R . Fuon'e + m k' ¥ ~ A
L B L L] a LA o a o a - [ -
Wi' 5 L om oy T g oy F1 ' .....-q.a.-a-irl—l;ql-;l- r e [ '
. - [ - . B BT SR - L) x K X i
. ! - L) oy .-l.llﬁ.b L. LH [ I-‘_;-* Ch LIS . - W . ."-.1!."'&
. A ‘-.-‘-.-‘-.-‘-.-‘-.-‘-.-‘-.-‘-.-‘-.-‘-.#l - --l-.i " q."l-'q. .om LaCH * v » =T ‘h:# Ty "l’} '
d ] ok r k¥ L ¥ mo - ¥ . ,
. , . ey * LI N L B | '- '|l 0 - L] ik | L - “.l:llﬁlf m.l -l
- -l-J--.-q..-r.-l-lr L N 3 LT - » " o - :
-q.-i‘ . , L} r oy y L L N rF r . .
. LI T re g *m T & L | L I - &
3 4 -5 . 0 nxr - - F 4 N LI L I ] 4 . * - J'
. * a ¥ P LI 'y A ek K r ' o r L] -
- T-ll-ll-i , T F - & y & P P L '|'Ir-1l - L "-'--'!-4 '. #,
- » x L T x B~ e T - - FERY T -
pigligioli i, , 'il #:'-l‘_l ' 2 Telu -.q _rl' - T a *i i*#*-ll -b"..-h W orn, L. ‘i:.f.::‘ *:I.ﬁ...
[ 3 L | *ra - ¥ !JIl-ll'J'l'Jl-Il-Il'l = L b [] 144 e uty "Ii"'-'"-"t
' o L ' L Y [ .n.llrlll'lll'l"lr LU ] Jra. r '-I--_ﬂ - _’
, k- — RSk L N S N N B A e LR N I | x 1 T Fhon LI =R .
. . r.‘J- l-" e e b‘-‘[-*‘l.* e nlqlqli_........l.-.b.-_l- - - 1-*41‘*.-"- |- st LA - LA
woees - B L P winimiate

. x
) . ! " L . R L 1 "l—_-"}. , ‘ﬁ e
. . “r 'y T e . t'1'v'r"~*b'- - v 3
k Jr"-ll_"' . LI "‘""lllll-l-l 11 1 a4 r ¥ 'Jf. -
; s ey
) g gingying~

be 4 . _' e i i _f i

1
{

E

% ‘u: o '\"- \

P
}ﬁ

ﬁ.

J

lale!

1
;;
i

l'

T R T A R T e AT, e A L el el e )

Wit e e e i‘;*a*;‘#'i';'&':*a*&‘ *ﬁ'&‘i*a*a*#'ﬁ'&'i*ﬁ'afm

wr e e T e e e e e e e T e e e e e e 1‘###}t}l}#-t‘4~# Cal ol )
r

e R e M e e e et MM ) t.l‘iik‘i*l [ i-i'r‘i*l*:.i.t‘}‘#‘i*!‘l et e L B A L R, et

- » ¥ ) ) *
.1¢.....':-.':ﬂx......':qxn:.....'hx..."-..:u\: g _,"':.”,,,__,__"-..':..,,__,_":._':..,,',

Bik
FIG. 13

Inlninis'ninisis'sis'nisisie's

N

.’."'."'."'."'."'."'.'".'".'".'".'".'".'".'"

e
w W;‘ o peTutely
5 B

13

‘vin'sininininisisisinisisisisis'nisisisinis'sis'sin'nin'sin'sin'nin's'n's'n'n'n'n'nln



US 10,254,266 B2

Sheet 18 of 19

Apr. 9, 2019

U.S. Patent

JOVH0B
NG J3HOY
SHOLYOION

11y

Pl Old

vvvvvvvvvvvvv

vvvvv

-,

3

|

Fu

- doHD

R

3

-

M...w

i e e e i " e

'y

}}}}}}}}}}
L L L L B L L L L L

T T g T T g g T g Ty oy Ty
A, o, e e, e e e,

¥



U.S. Patent Apr. 9, 2019 Sheet 19 of 19 US 10,254,266 B2

FiG. 16

ERLAY

g v
ety



US 10,254,266 B2

1

SYSTEM AND METHOD FOR DETECTION
OF A CONTAMINATED BEVERAGE

RELATED CASES

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/535,446 filed on Nov. 7, 2014, which 1s a
continuation of U.S. patent application Ser. No. 13/204,708
filed on Aug. 7, 2011, now U.S. Pat. No. 8,920,857, 1ssued
on Dec. 30, 2014, which 1s a continuation-in-part of U.S.
patent application Ser. No. 12/977,009 filed on Dec. 22,
2010 by Michael T. Abramson, titled SYSTEM AND
METHOD FOR DETECTION OF A CONTAMINATED
BEVERAGE, the contents of which are hereby incorporated
by reference.

FIELD OF THE

DISCLOSURE

The present disclosure relates generally to contamination
detection, and, more particularly, to detecting when a bev-
crage has been contaminated.

BACKGROUND OF THE DISCLOSURE

Drug facilitated sexual assaults are a ubiquitous problem.
Commonly known as *“date rape”, the sexual assault gener-
ally occurs while the victim 1s incapacitated due to unknow-
ingly imbibing chemical substances (i.e., drugs) surrepti-
tiously placed 1n the victim’s beverage by an assailant. Some
common drugs associated with date rape are, e.g., Rohypnol,
Ketamine, GHB (Gamma-Hydroxybutyrate), GBL (Gamma
Butyrolactone), and 1,4-butanediol. Once ingested, the
chemicals may act rapidly 1n the human body, often within
20 minutes, causing physical and psychological symptoms
such as disinhibition, muscle relaxation, passivity, and loss
of will to resist an assailant.

There are known techniques for detecting when a victim
has ingested such drugs. For example, Woods et al., Journal
of Chromatography, A 2004, 1056: 83-90, describes a sys-
tem for simultaneous analysis of GHB and 1its precursors in
urine using liquid chromatography-tandem mass spectrom-
etry. Though this and similar techniques may be effective, a
disadvantage 1s that they are not practical for non-profes-
sionals, and they require expensive equipment. Another
disadvantage 1s the reactive nature of the test, meaning the
system 1s testing the urine, thus the drugs have already been
ingested and the victim may have already been assaulted
before testing 1s even contemplated.

Other testing devices, such as those described mm U.S.

patent application Ser. No. 10/383,512 filed on Dec. 16,
2004 by Grossman et al., titled APPARATUS FOR
DETECTING DRUGS IN A B HVERAGE, and 1n U.S. Pat.
No. 6,153,147 1ssued on Nov. 28, 2000 by Craig, titled
BEVERAGE ANALYSIS SAMPLE, provide a more imme-
diate and proactive approach through early detection. For
example, Craig discloses a test apparatus utilized by the user
at the site and time of beverage consumption. A portion of
the beverage must first be captured by the user and drawn
into an analysis chamber where the beverage 1s subjected to
a chemical reagent composition, where the results of a color
assay are viewable. That 1s, a color change may indicate a
drug has been placed 1n the beverage.

Other testing devices may use the proactive techniques,
but also provide discretion when testing a beverage for

contamination. For example, the testing device described by
Greenberg 1n U.S. patent application Ser. No. 11/899,646
filed on Sep. 7, 2007, titled STRAW HOLDER INTE-
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2

GRATED WITH A BEVERAGE CONTAINER, shows a
testing material that a user may utilize to test the beverage.

Notably, the testing material 1s part of an entirely separate
component which itself must then be connected to a bever-
age container.

A more discrete testing apparatus can be found i U.S.
patent application Ser. No. 10/761,066 filed on Jan. 20, 2004

by Guerra et al., titled APPARATUS AND METHOD FOR
TESTING ABEVERAGE FOR A CLANDESTNE ILLICIT
SUBSTANCE. Hiding the test strips allows the user to test
the beverage without embarrassment by onlookers. For
example, Guerra describes camoutlaging and/or hiding 1ndi-
vidual drug testing strips in such things as a cocktail napkin,
a beverage coaster, a placemat, a menu, a match book, a
drink carrier (e.g., used to carry multiple drinks at once), a
flyer, a coupon, and even a business card. As another
example, the testing apparatus described 1n U.S. patent

application Ser. No. 11/266,690 filed on Nov. 3, 2005 by
Cordani et al., titled LIQUID TEST PROBE, 1s camoutlaged
as a drinking straw. Notably, the disguised drinking straw
only functions as a test device and not as an actual straw. Yet
another example can be found 1n U.S. patent application Ser.
No. 12/150,505 filed on Apr. 28, 2008 by Sliwa et al., titled
BUOYANT-CAPABLE BEVERAGE AND FOOD CON-
TENT-SENSOR, describing a separate floating device 1n a
beverage where the testing material 1s located. To test the
beverage, the user must first remove a sample of the bev-
erage and place 1t on the test portion of the device.

However, the prior art suflers from numerous disadvan-
tages. For example, regardless of how quick a test result 1s
determined, or how discreetly a testing apparatus may be
hidden, the responsibility to carry the testing apparatus on
onesell 1s burdensome and rests solely on the user. More-
over, even 1f a beverage has been tested at time T, there 1s
no assurance that the beverage subsequently has not been
contaminated at time T,. Thus, there 1s an additional require-
ment for the user to continuously test and re-test the bev-
erage and to have the user bring enough testing material to
do so. Testing and retesting the beverage 1s not only a hassle,
but remembering to do so may become more dithicult as time
progresses (e.g., due to increased alcohol consumption).
Additionally, as more alcohol 1s consumed, a user may be
less able to distinguish between the normal effect of an
alcoholic beverage and the eflect of a contaminated alco-
holic beverage. Accordingly, there remains a need for a more
convenient, eflortless, and continuous system to detect 11 and
when a beverage has been contaminated.

SUMMARY OF THE

DISCLOSURE

The present disclosure overcomes the disadvantages of
the prior art by providing a system and method for detection
of a contaminated beverage, e.g., by using the beverage
container itself (e.g., a drinking cup) as a testing material.
For example, 1n one embodiment, the inside portion of the
beverage container which 1s used to hold the beverage 1s also
the testing material that may visibly alert, signal, or other-
wise react when contacted with a drug that 1s mixed 1n the
beverage (e.g., Rohypnol, Ketamine, GHB (Gamma-Hy-
droxybutyrate), GBL (Gamma Butyrolactone), 1,4-butane-
diol, etc.). The reaction, e.g., color change, may then rapidly
alert the user that the beverage 1n the beverage container 1s
contaminated before too much, 1f any, of the contaminated
beverage has been consumed.

In another embodiment, the testing material of the bev-
erage container may be coated or lined with a film (e.g.,
wax). For example, if the testing material 1s part of the inside
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of the beverage container, the wax film may prevent the
beverage contained within the beverage container from
immediately contacting and reacting with the testing mate-
rial. Thus, should the user desire to test the beverage for
contaminants, the user need only, e.g., “scratch” away or
otherwise remove the protective wax lining, thereby expos-
ing the newly revealed testing material inside the beverage
container to any potential contaminants 1n the beverage held
in the beverage container. In such an embodiment, the
beverage container advantageously provides multiple loca-
tions for individual testing by scratching away the wax film
from different locations as desired. In alternative embodi-
ments, the wax lining may be a type of semi permeable
membrane or other similar material used to provide a delay
from when the beverage 1s placed in the beverage container
and when the beverage and any contaminants mixed therein
eventually permeate through the liming to make contact with
the testing material where a reaction may be seen. Thus, it
1s possible that little or no action 1s required by the user to
test or re-test the beverage.

Advantageously, by using the beverage container 1itself as
the testing maternial, the user 1s provided with a (near)
cllortless and continuous monitoring of the beverage within
the beverage container without such illustrative burdens
required by the prior art, such as, inter alia, remembering to
bring a testing kit (disguised or otherwise) with a suflicient
number of testing strips, remembering to test the beverage,
and remembering to re-test the beverage at different times.
As another advantage, even 1 the user cannot distinguish
between the eflect of the alcohol and the effect of ingesting
a contaminated beverage, other onlookers may still notice
the reaction of the beverage container (i.e., the testing
material) and provide a warning to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further advantages of the disclosure may
be better understood by referring to the following descrip-
tion 1 conjunction with the accompanying drawings in
which like reference numerals indicate identically or func-

tionally similar elements, of which:

FIG. 1 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with the
present disclosure;

FIG. 2 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with the
present disclosure;

FIG. 3a 1s a schematic block diagram of an illustrative
beverage container with a protective film that may be used
in accordance with the present disclosure;

FIG. 356 1s a schematic block diagram of an illustrative
beverage container with a protective film that may be used
in accordance with the present disclosure;

FIG. 3¢ 1s a schematic block diagram of an illustrative
beverage container with a section of protective film removed
that may be used 1n accordance with the present disclosure;

FIG. 3d 1s a schematic block diagram of an illustrative
beverage container with a section of protective film removed
that may be used in accordance with the present disclosure;

FIG. 4 1s a schematic block diagram of an illustrative
beverage container with a protective film that may be used
in accordance with the present disclosure;

FI1G. 5a 1s an illustrative procedure for using the beverage
container 1n accordance with one or more embodiments of
the present disclosure;
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FIG. 5b 1s an illustrative procedure for using the beverage
container 1n accordance with one or more embodiments of
the present disclosure;

FIG. 6a 1s a schematic block diagram of an illustrative
portion of a beverage container that may be used 1n accor-
dance with the present disclosure;

FIG. 6b 1s a schematic block diagram of an illustrative
portion of a beverage container that may be used 1n accor-
dance with the present disclosure;

FIG. 7 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with one
or more embodiments of the disclosure;

FIG. 8 1s a schematic block diagram of an illustrative
material of a beverage container that may be used in
accordance with one or more embodiments of the disclosure;

FIG. 9 1s a schematic block diagram showing exemplary
techniques/procedures for preparing one or more materials
with attached indicators that may be used 1n accordance with
one or more embodiments of the disclosure;

FIG. 10 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with one
or more embodiments of the disclosure;:

FIG. 11 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with one
or more embodiments of the disclosure;:

FIG. 12 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with one
or more embodiments of the disclosure;

FIG. 13 1s a schematic block diagram of an illustrative
beverage container that may be used 1n accordance with one
or more embodiments of the disclosure;

FIG. 14 1s a schematic block diagram showing an exem-
plary technique/procedure for attaching indicators to the
surface of a beverage container that may be used 1n accor-
dance with one or more embodiments of the disclosure; and

FIG. 15 1s a schematic block diagram showing an exem-
plary SAM on a material that may be used in accordance
with one or more embodiments of the disclosure.

DETAILED DESCRIPTION OF AN
ILLUSTRATIVE EMBODIMENT

Drug Testing

As can be appreciated by those skilled 1n the art, there are
well known techniques and testing maternials that may be
used to detect the presence of drugs 1n a liquid. For example,
as noted above with reference to U.S. Pat. No. 6,153,147, a
device or testing strip may comprise one or more reagent
indicators deposited on an absorptive carrier (e.g., filtration
paper). Diflerent reagent indicators may be used for detect-
ing different drugs. For example, flunitrazepam, which 1s
commonly known as Rohypnol or “Ruflles”, 1s a member of
a class of compounds known as benzodiazepines. A reaction
with Zimmermann’s reagent, or a reaction with a platinum/
potassium 10dide test system, for example, can illustratively
detect this class of compound. 4-Hydroxybutanoic acid, also
known as gamma hydroxy butyrate (GHB), 1s a commonly
known anesthetic. GHB can 1llustratively be 1dentified 1n a
reaction system with, e.g., bromo cresol purple. Ketals mine
1s another anesthetic which can illustratively be identified
using, e.g., cobalt thiocyanate. Those skilled 1n the art waill
recognize that other reagent indicators suitable for testing a
beverage are also contemplated for these drugs and diflerent
drugs. As such, the reagent indicators described are exem-
plary only and should not be taken to limit the scope of the
disclosure.
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In some testing systems, visual indications from the
testing material (e.g., the reagent) may be observed when a
drug 1s detected. One type of visual indicator may be color
change. For example, if a sample of a beverage 1s introduced
to a testing area with the reagent, a color change from white
to a violet/purple color may be observed at the reagent
within 30 seconds or less 1f Rohypnol 1s present in the
sample. If a violet/purple color i1s not observed within 30
seconds, the beverage analysis may be considered negative
for Rohypnol. As another example, 11 the sample 1s 1ntro-
duced to a testing area with a reagent to detect GHB, a color
change from white to a yellow/orange color may appear
within 30 seconds or less if GHB 1s not present in the
sample. However, 1f GHB 1s present, a purple/black color
may appear within 30 seconds or less. In a preferred
embodiment, any color change would appear 1n response to
detecting the presence of a drug, rather than having a color
change appear 1n response to detecting that the drug 1s not
present. While not required, the preferred embodiment may
be helpiul to avoid confusion, for example, should the user
forget what each color indicates.

Notably, while some examples of reagents and tests are
described, those skilled 1n the art will appreciate that other
reagents, tests, color combinations, calorimetric 1ndicators,
etc., for similar and/or other drug types are well known 1n
the art and may be used with embodiments of the present
disclosure without departing from the scope and spirit of the
disclosure. As such, the described detection methods and
devices (e.g., color combinations, test strips, particular
reagents, etc.) or other functional equivalents that have
similar properties capable of carrying out the objectives of
the disclosure are contemplated. Accordingly, the specific
testing materials described should be taken as exemplary
only and not to limit the scope of the disclosure.
Beverage Container

The present disclosure overcomes the disadvantages of
the prior art by providing a system and method for detection
of a contaminated beverage, e.g., using the beverage con-
tainer itself as a testing material. That 1s, at least a portion
of the beverage container itself 1s the testing material. For
example, 1n one embodiment, the inside of the beverage
container 1tself 1s not only the surroundings of the beverage
container that holds the beverage, but the inside of the
beverage container itself 1s also the testing material that may
react when contacted with a mixture of the beverage and a
drug, such as Rohypnol, Ketamine, GHB (Gamma-Hy-
droxybutyrate), GBL (Gamma Butyrolactone), 1,4-butane-
diol, etc. Using the beverage container as the testing material
illustratively may be implemented 1n some embodiments by
(1) removing and then replacing a portion of the beverage
container with the testing material, (11) directly attaching the
testing material to a portion of the beverage container (with
or without removing the portion), or (111) any combination
thereof. The reaction of the testing matenal, e.g., color
change of the beverage container, may then rapidly alert or
signal to the user that the beverage in the beverage container
1s contaminated before too much, 11 any, of the contaminated
beverage has been consumed.

According to one embodiment, only select portions of the
beverage container, such as the rim or the mside/outside of
the beverage container, are lined with the testing material.
However, the entirety of the beverage container may also be
lined with the testing material. Moreover, 1t 1s contemplated
that the enftirety of the beverage container could be config-
ured as the testing material shaped as the beverage container
in an alternative embodiment. In the latter embodiment, 1t
may be necessary to fortify the testing material so as to
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cnable the testing material to act as a beverage container
(e.g., to prevent leaking through the testing material). The
f1lm described in greater detail below may be used to fortily
the testing material. However, other conventional techniques
similar to those used on conventional paper or cardboard
beverage containers described below may also be used and
are well known 1n the art.

Advantageously, by using the beverage container 1itself as
the testing material (e.g., where the beverage container
functions as both a beverage container and as the testing
material), the user 1s provided with a (near) effortless and
continuous monitoring of the beverage within the beverage
container without such illustrative burdens required by the
prior art, such as, inter alia, remembering to bring a testing,
kit (disguised or otherwise) with a suflicient number of
testing strips, remembering to test the beverage, and remem-
bering to re-test the beverage at different times. As another
advantage, even 1f the user cannot distinguish between the
ellect of an alcoholic beverage and the eflfect of ingesting a
contaminated alcoholic beverage, other onlookers may still
notice the reaction of the beverage container and provide a
warning to the user. Additionally, the testing matenal of the
beverage container (e.g., any unused portions) may also be
used to test other beverages of different users, such as an
acquaintance that may not be 1n possession ol either the
disclosed beverage container or their own tests.

FIG. 1 1s a schematic block diagram of an illustrative
beverage container 100 that may be used 1n accordance with
the present disclosure. As used herein, the term “beverage
container” 1s defined as any conventional container config-
ured to hold a consumable beverage (e.g., soda, water, beer,
etc.) from which a user would drink, such as a cup (e.g.,
disposable, reusable, paper, plastic, etc.), a glass, a mug, a
can (e.g., an aluminum can), a bottle (e.g., a soda bottle), etc.
[lustratively, 1n a preferred embodiment, the beverage con-
tamner may be disposable, such as the kind sold by Solo®
Cup Company headquartered in Lake Forest, I1l. The bev-
crage contaimner may comprise a base 110 (e.g., a lower
portion), an upper portion which may comprise a nm 120, a
sidewall 112, and testing material 130. The testing material
illustratively may be atlixed to the beverage container using
an adhesive or other similar material which 1s well known 1n
the art; however, any suitable material may be used. In an
alternative embodiment, a portion of the beverage container
100 may be removed 135 and then replaced with the testing
matenal (e.g., by directly attaching the testing material to the
removed portion using an adhesive). A sidewall 112 with an
inner surface and an outer surface may extend from the base
to the upper portion. According to one embodiment, the
testing material 130 1s at least a portion of the beverage
container 100 (e.g., the inner surface of the beverage con-
tainer’s base 110 and/or the rim 120, and/or the sidewall 112
as indicated by the dashed lines). This may be further
illustrated in FIGS. 6a and 65 where the testing material 630
1s shown as the inner wall surface 615. However, the testing
material may also be the outer surface of the beverage
container or any other portion of the beverage container.
However, 1t 1s likely that the user may have to be more
proactive about testing 1f the testing material 1s on the
outside of the sidewall, since 1n some embodiments, the
outside wall does not contact the testing material without
help from the user. Nonetheless, this situation may be
obviated if the testing material 1s placed on the outer portion
of the sidewall where some of that portion has been removed
135. Any descriptions or illustrations used throughout where
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the testing material 1s a specific portion of the beverage
container (e.g., the inner surface of the sidewall) should be
taken as exemplary only.

According to an illustrative embodiment of the present
disclosure, the testing material 130 liming the beverage
container 100 remains a single color (e.g., white) as a default
base color when no 1llicit drugs, such as those noted above,
are detected. As can be appreciated by those skilled in the
art, any other color (including clear or transparent) may be
used as the default base color. Preferably, the base color 1s
one that will be readily noticeable to the user or other
onlookers 11 the base color should change, even 11 the user
1s 1n a dimly lit area, such as a dance club or a bar. For
example, 1f the beverage container 1s white, then a positive
drug detection color of black may be easier to notice. As can
be appreciated, the use of a clear or transparent beverage
container may be easier for the user (or an onlooker) to see
a color change of the testing material (1.e., the beverage
container) than a less transparent beverage container.
Advantageously, because the illustrative embodiments of the
beverage container functionally are also the testing material,
should a drug be introduced to the (alcoholic or non-
alcoholic) beverage 1n the beverage container, the testing
material 130 located in the base 110, the rim 120, or the
sidewall 112, will automatically (i.e., without a requirement
tor the user to do anything if the beverage 1s 1n the beverage
container) contact the beverage and change color to alert the
user of the contamination with minimal action, 1f any,
required by the user. This 1s advantageous as there 1s little or
no need for the user to actively test or re-test the beverage
betfore being warned about the contamination. Thus, the user
may be alerted before too much, if any, of the contaminated
beverage has been consumed.

FIG. 2 1s a schematic block diagram of an illustrative
beverage container 200 that may be used 1n accordance with
the present disclosure. The beverage container may com-
prise a base 210, a nm 220, a sidewall 212, and a testing,
material 230. According to one embodiment, the testing
material may be part of the inner/outer lining of the beverage
container’s base 210, sidewall, or rim 220, as indicated by
the dashed lines. According to yet another embodiment, the
testing material 230 lining the beverage container may be
divided up into different sections (e.g., drug/section 1-4).
Each section may comprise a distinct testing material spe-
cific to an 1ndividual drug. For example, drug/section 232
may be configured to detect GHB, while drug/section 234
may be configured to detect GBL. Accordingly, not only
may the user be able to discern that a drug has been
introduced to their beverage, but also which drug. Those
skilled 1n the art will appreciate that more or less drug/
sections may be used. Those skilled i the art will also
appreciate that the drug/sections may be divided other ways
besides vertically in any direction or pattern (e.g., horizon-
tal, diagonal, etc.). Thus, the use of only four sections and in
any particular configuration should be taken as an example
only. In a preferred embodiment, the sections are organized
vertically so that the beverage 1s capable of drug detection
regardless of the level of beverage within the beverage
container.

In an alternative embodiment, the beverage container 200
may also comprise separate and specific indicators, such as
indicator(s) 240. For example, when a particular drug/
section detects a drug, the indicator 240 may give an
additional warning by changing color on the 1nside of the
beverage container and/or on the outside of the beverage
container. Illustratively, this may be accomplished by cre-
ating a clear or transparent section specifically for indicators
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240, resulting 1n a distinguishable or otherwise dramatic
contrast between the outside of the beverage container (e.g.,
red) and the indicator 240 (e.g., black). Alternatively, this
may be accomplished using a more absorptive testing mate-
rial that 1s capable of delivering a sample of the beverage up
to the indicators 240.

FIG. 3a 1s a schematic block diagram of an illustrative
beverage container 300 with a protective film that may
advantageously be used 1n accordance with the present
disclosure. According to one or more illustrative embodi-
ments of the disclosure, the testing material may be coated
or coupled with a film (e.g., wax) 340. The wax film may
slow or fully prevent the beverage contained within the
beverage container from contacting and reacting with the
testing material 330 lined, for example, within the inner
surface of the base 310 (e.g., lower portion) of the beverage
container, the sidewall 312, and/or the rim 320. The film
may 1llustratively comprise a porous substance or other semi
permeable matenial (e.g., membrane) that, over time (e.g., 5
minutes), allows the beverage 1n the beverage container to
pass through the film to contact and react with the testing
material. Notably, regardless of how long it takes the bev-
crage to reach the testing material, the time required to
notice a reaction (e.g., a color change if the drug 1s present)
may depend on the amount of the beverage relative to the
concentration of the drug that 1s present. According to an
alternative embodiment of the disclosure, as noted above,
the testing material 1llustratively may be aihixed, united, or
otherwise secured to the beverage container using an adhe-
sive, glue, epoxy, or other functional equivalent that has
similar properties, before the protective film 1s applied;
however, 1t 1s contemplated that the protective film 1tself
may be used 1n place of or 1n addition to the adhesive to aflix
or otherwise secure the testing material to the beverage
container. However, any suitable technique or maternial used
to secure the testing material to the beverage container or
otherwise make the material of the beverage container
comprise the testing material may also be used without
departing from the scope and spirit of the disclosure. For
example, 1n an alternative embodiment, a portion of the
beverage container 300 may be removed 335 and then
replaced with the testing matenal (e.g., by directly attaching
the testing material over the removed portion secured to a
non-removed portion 136). In the latter embodiment, 1t may
be beneficial to apply another coating of a liquid resistant
wax on the outer most side of the testing material to prevent
dripping. Alternatively, a window 337 may be placed over
the outer most side of the removed section.

Examples of different wax types and techmiques for
coating beverage containers are very well known in the art,

some of which may be found in, e.g., n U.S. Pat. No.
3,450,327 1ssued on Jun. 17, 1969 by R. E. Ludder, titled

ROUND NESTABLE PAPER CONTAINER HAVING A
HIGH GLOSS EXTERIOR FINISH AND AN INTERIOR
AND BOTTOM WAX COATED SURFACE, and m U.S.
Pat. No. 4,168,676 1ssued on Sep. 25, 1979 by Itoh, titled
APPARATUS FOR MAKING PAPER CONTAINERS, and
in U.S. Pat. No. 5,456,754 1ssued on Oct. 10, 1995 by
Matheson et al., titled APPARATUS FOR COATING
PAPERBOARD CONTAINERS. For example, Matheson
describes directing a relatively narrow spray band of atom-
1zed wax towards the interior surfaces of the containers.
Matheson goes on to describe that the spray band 1s volu-
metrically asymmetrical and 1s oriented relative to the
interior surfaces of the container such that its volumetric
asymmetry 1s directed towards the bottom circumierential
seam between a tubular sidewall and bottom wall of the
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containers. However, those skilled 1n the art will appreciate
that any suitable technique for applying the wax (or other
material) to one or more 1illustrative embodiments of bev-
erage container may be employed without departing from
the spirit and scope of the disclosure.

While some examples of the disclosure are discussed
using a wax film, those skilled in the art will appreciate that
other protective film or coating material may be used. For
example, a thermoplastic polymeric material, such as poly-
cthylene, may also be used. Yet another example may be the
use of biopolymers, which may generally be described as
polymers produced by living organisms. Cellulose, starch,
chitin, proteins, and peptides are some examples of biopo-
lymers. Another example of a biopolymer 1s zein, which 1s
alternatively used as a coating for various foods, such as
fruit, to slow the aging process produced by water evapo-
ration. Zemn has a number of characteristics that may be
valuable for use 1n the present disclosure. For instance, zein
1s a natural film-forming polymer, which may provide some
of the described resistance to water or other liquid penetra-
tion. Zein 1s also typically non-allergenic and edible. It 1s
also classified as “GRAS” (generally recognized as saie) by
the FDA. Those skilled in the art will appreciate that other
types of biopolymers or other suitable material capable of
carrying out the objectives of the disclosure may also be
used without departing from the scope and spirit of the
present disclosure. For example, M14-1S, which 1s well
known to those skilled 1n the art as a water ammonia solution
ol shellac mixed with Carnauba emulsion and added 1nerts
may also be used.

As will be discussed 1n greater detail with regard to FIG.
3¢, the lining may be removed by the user to expose the
testing material to the beverage. As such, another example of
the lining material may also be similar to “scratch-off”
lottery game pieces, such as the one described 1n U.S. Pat.

No. 5,154,448 1ssued on Oct. 13, 1992 by Grithn et al., titled
SCRATCH-OFF MARKING LLABEL. As such, the use of a
wax, biopolymer, etc. as the film or coating should not be
considered to limit the scope of the disclosure. Those skilled
in the art will appreciate that any suitable material (i.e.,
fluid-impervious or semi-tluid impervious characteristics or
functional equivalent that has similar properties) 1s contem-
plated that may prevent the beverage contained within the
beverage container from immediately contacting and react-
ing with the testing material of the beverage container (e.g.,
which may subsequently be readily (e.g., without much
dificulty) removed by the user).

In another embodiment, as seen from FIG. 35, there may
be different types of wax film matenals each covering a
particular section of the testing material, thereby allowing
for varying times when the beverage may pass through the
film to the testing material, e.g., depending on the type and
thickness of film used. For instance, one section 332 of the
testing material may be generally protected (e.g., covered)
by a more porous or semi permeable film material that may
allow the beverage in the beverage container to pass through
the film to the testing material 330 quicker than another
section 334 of the testing material 330 that 1s generally
protected by a less porous film material. As such, the
beverage container would first “automatically” (1.e., without
a need for the user to do anything once the beverage 1s 1n the
beverage container) “seli-test” the beverage at section 332 at
a first predetermined time and then “automatically” self
“re-test” the beverage at section 334 at a second predeter-
mined time according to how much less porous the film 1s at
cach respective section. As can be appreciated by those
skilled 1n the art, other factors 1n addition to how porous the

10

15

20

25

30

35

40

45

50

55

60

65

10

film 1s, such as temperature, surface area to volume ratio,
etc., may also aflect the rate at which the beverage may pass
though the film to the testing maternial. Illustratively, each
section may be capable of testing the same drugs (e.g., X, Y,
7)), thus, each drug (e.g., X, Y, Z) may be covered by the
“re-test” at each section. While only two different rates (e.g.,
a quicker and a slower rate) are described, those skilled 1n
the art will recognize that any number of diflerent sections
336 and 338 (and different rates) may be used either sepa-
rately or simultaneously depending on the different types of
f1lm used. Thus, the use of only two diflerent rates (for two
different types of film) 1s an example and should not be taken
as limiting the scope of the disclosure.

In alternative embodiments, as illustrated in FIG. 65,
multiple applications (1.e., layers/coatings, 615, 617, etc.) of
the same film material may be applied to a particular section
to achueve the desired result of varying (e.g., slowing) the
rate that the beverage 1n the beverage container, and there-
fore any drug mixed 1n the beverage, will pass through the
film to contact the testing matenal. It 1s also contemplated
that different wax types may also be applied to the same
section to vary the rate. Thus, other similar methods or
combinations thereof to slow or increase the rate at which
the beverage 1n the beverage container will contact the
testing material may also be used without departing from the
scope and spirit of the disclosure.

Advantageously, because each section may have a known
estimated time for when the beverage may pass though the
f1lm, 1t may be possible to discern an approximate time when
a drug was placed in the beverage container. For example,
assume a first section 332 of the beverage container is
estimated to allow the beverage to pass though the film 1n
about 10 minutes. Further assume that a second section 334
of the beverage container 1s estimated to allow the beverage
to pass though the film 1n about 20 minutes. Further assume
that once the testing material at the first section 332 1s
initially exposed to an uncontaminated beverage for more
than, e.g., a couple minutes, then that testing material for
section 332 may no longer be able to react (e.g., change
color) even 1f subsequently exposed to a contaminate, since
the reagent(s) in the testing material may be too diluted.
Thus, 1n the example, 11 the first section 332 does not show
a reaction, but the second section 334 does show a reaction,
then 1t 1s likely that the beverage was contaminated some-
time between the 10 minute period and the 20 minute period.
Theretfore, by comparing (1) the section which does show a
reaction to (11) the previous section that does not show a
reaction, 1t may be possible to discern an approximate time
when a drug was placed 1n the beverage container. This may
aid 1n determiming who drugged the beverage (i.e., who had
access to the beverage within the 10 minute time span).

FIG. 3¢ 1s a schematic block diagram of the illustrative
beverage container 300 similar to that of FIG. 3a with at
least one section of protective film removed 350 that may be
used in accordance with the present disclosure. In one
embodiment, the user may be required to actively remove
the wax lining 350 before the beverage will be exposed to
the testing material. However, 1n an alternative embodiment,
should the user desire to test the beverage for contaminants
at an earlier time rather than waiting for the beverage to pass
through the film 350 (as discussed with regard to FIG. 35),
the user may instead choose to, e.g., “scratch” away or
otherwise remove the wax lining, thereby enabling the user
to more immediately expose the beverage to the newly
revealed testing material. By enabling the user to selectively
remove portion(s) of the film as desired, the beverage
container advantageously provides multiple locations for
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individual test sites and at different times. For example, the
user may remove the wax lining (e.g., upper left portion) in
the rim 320 at T,. If the testing material shows the beverage
1s not contaminated, the user may continue drinking the
beverage. However, 1f the user begins to feel strange and
questions whether or not the beverage has been contami-
nated, the user may subsequently remove the wax liming
(e.g., upper right portion) 1n the rim 320 at T,. As noted
above, using substances such as zemn as the film may be
beneficial as 1t 1s non-allergenic and edible. Thus, there may
be no known consequence if the user were to accidentally
scratch the film i1nto the beverage and ingest it.

Advantageously, according to one embodiment, any
remaining area of wax film coating the testing material may
be an area capable of being used to test the beverage. That
1s, any area where the wax has not been removed 1is
illustratively a viable area to test the beverage regardless of
any previous tests conducted at other locations. As can be
appreciated by those skilled 1n the art, the viability of using
an arca where the film has not yet been removed may depend
on different factors, such as whether the beverage sampled
through the removed portion of the film may “leak™ to the
testing material under the film that has not yet been
removed. One exemplary embodiment to protect against
“leaking” may be to have the testing material separated by
areas ol non-testing material that may be used to prevent or
otherwise curtail the undesired migration of the beverage
entering from the removed portion of the film. For example,
sections 332 and 336 may have film covering testing mate-
rial, whereas sections 334 and 338 may comprise non-
testing material used as a “bumper” to prevent the beverage
from crossing sections. However, allowing such cross sec-
tion leaking may be beneficial for other reasons, such as an
alternative way to distribute the beverage 1n the beverage
container throughout to other portions of the testing material
without further eflort by the user, or as a way to maintain
samples of the beverage for later use (e.g., evidence 1n a
police mvestigation).

FIG. 3d 1s a schematic block diagram of the illustrative
beverage container 300 similar to that of FIG. 3¢ with at
least one section of protective film removed that may be
used in accordance with the present disclosure. According to
one embodiment, assume that the beverage in the beverage
container has been contaminated with, e.g., GHB. As noted
above 1n FI1G. 3¢, the section(s) of protective film have been
removed 350, for example, by the user to test the beverage
for contamination. As a result of removing the wax film from
locations of the beverage container, those corresponding
areas of testing material 330 are now exposed 360 to the
beverage 1n the beverage container and therefore exposed to
the GHB. As such, to alert the user of the contamination, the
exposed area of test material 360 may display a visual alert
(e.g., color change, pattern, etc.). Notably, as discussed
above with regard to FIG. 3¢, only the exposed area of test
material 360 1s aflected (e.g., visually) since only those areas
have the film removed, thereby exposing the testing material
to the GHB 1 the beverage. However, the beverage may
enter through any of the exposed areas to other portions of
unexposed testing material, thereby providing the visual
allect to those areas 1n addition to the exposed areas.

FIG. 4 1s a schematic block diagram of an illustrative
beverage container 400 with a protective film that may be
used 1n accordance with the present disclosure. According to
one embodiment, the beverage container may be a can (e.g.,
aluminum can) such as the kind typically used to hold soda,
beer, and other beverages. The beverage container illustra-
tively comprises drug testing material in various locations.
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For example, the testing matenal (e.g., exposed/unexposed
460/4°70 respectively) may be directly atlixed to the top of
the beverage container, or alternatively, on the outer side-
wall. Some of the beverage may tend to pool on that surface
as a result of the motions mmvolved while drinking from the
beverage container. Thus, 1t may be less cumbersome for the
user to test the beverage by using the portions of the
beverage already pooled on the top, for example, in an
embodiment where the beverage container 1s a closed top
beverage container.

According to another illustrative embodiment, assume
that the beverage in the beverage container 400 has been
contaminated with, e.g., Rohypnol. Similarly to FIG. 3c,
some section(s) of protective film have been removed (1.e.,
exposed area of test material 460), for example, by the user
to test the beverage held by the beverage container. On the
other hand, some section(s) of protective film have not yet
been removed (1.e., unexposed area of test material 470). As
a result of removing the wax film from these locations of the
beverage container, those corresponding arcas 460 of testing
material are now capable of being exposed to the beverage
and therefore exposed to the Rohypnol. As such, to alert the
user of the contamination, the exposed area of test material
460 displays a visual alert (e.g., color change, striped or
other pattern, etc.). Notably, according to the embodiment,
any remaining area of wax film coating the testing material
(1.e., unexposed area of test material 470) may still be an
area capable of being used to test the beverage at a subse-
quent time (e.g., depending on how porous the film coating
the unexposed area 1s).

According to another embodiment, a portion of the bev-
crage container 400 may be removed and then replaced with
the testing material. In the embodiment, it may be beneficial
to apply another coating of a liquid resistant wax on the
outer most side of the testing material to prevent dripping.
In the 1llustrative embodiment, the testing material may be
part of the inside of the beverage container, where any
indication of contamination from the testing material may be
viewed through a display window 480. Preferably, the
display window 480 should be of a sutliciently transparent
or translucent material, e.g., plastic or otherwise, that allows
a user to suthciently discern a change in the testing material
caused by beverage contamination within the beverage
container. This may be advantageous in embodiments such
as those where inside of the beverage container comprising
the testing material 1s not otherwise viewable by the user
(e.g., closed top beverage containers). Alternatively, the
display window may be configured such that when no
contamination 1s detected in the beverage contained within
the beverage container, the display window 1s disguised as,
for example, a logo of the beverage container.

FIG. 3a 1s an 1llustrative procedure for using the beverage
container 1n accordance with the present disclosure
described herein where the (e.g., wax) film 1s readily remov-
able by the user. This illustrative procedure assumes a
beverage 1s currently contained within the beverage con-
tainer. The procedure 500q starts at step 5054, and continues
to step 510a, where at least a portion of the wax film 1s
removed, e.g., by the user. As noted above, the wax film
prevents the beverage contained within the beverage con-
tamner from immediately contacting and reacting with the
testing material lined, for example, within the inner surface
of the sidewall 312, the base 310, the rnm 320, or the top
(e.g., as similarly shown by example in either FIG. 3a-d
and/or FI1G. 4 above). Thus, should the user desire to test the
beverage for contaminants, the user need only, e.g.,
“scratch” away or otherwise remove the wax lining, thereby
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exposing the beverage to the newly revealed testing mate-
rial. In alternative embodiments, as noted above, the scratch-
ing step 1s not necessarily required, since the beverage may
be automatically tested according to, e.g., how porous the
(wax) film 1s. Notably, in embodiments where no such film
1s present, step 510a and 560aq may be skipped. Once the
testing material 1s exposed to the beverage, 1t 1s determined
whether the testing material indicates that the beverage 1s
contaminated (e.g., with a drug) 1n step 520a. If yes, the
procedure moves to step 530a where the testing material
indicates that the beverage 1s not safe to drink. Any type of
indication or alert 1s contemplated where the user 1s made
aware of the outcome of the test. For example, the indication
may be visual (e.g., a color change in the test matenal).
However, any suitable means of indication may be used. The
procedure then ends at step 540aq.

However, if at step 520a the determination 1s no, the
procedure moves to step 550a where the testing material
indicates that the beverage 1s safe to drink. Such an 1ndica-
tion, 1 any, may be the absence of a wvisual indicator.
However, any suitable indication (e.g., visual or otherwise)
may be used. The beverage container may comprise multiple
locations for individual testing by scratching away the wax
film from different locations as desired. This may be usetul
in such situations where the user 1s unsure about the accu-
racy ol the previous test and would like to re-test the
beverage using another location. This may also be usetul, for
example, where a beverage has tested negative for contami-
nation at time T, but the user believes that the beverage may
have been subsequently contaminated at time T,. The pro-
cedure then moves to step 560a where the user may select
an unused test material portion for another test. The proce-
dure then loops back to step 510a.

FI1G. 5b 1s an illustrative procedure for using the beverage
container 1n accordance with the present disclosure where at
least a portion of the (e.g., wax) film 1s not required to be
removed by the user. FIG. 356 1s an example embodiment
which may apply to the procedure. This illustrative proce-
dure assumes a beverage 1s currently contained within the
beverage container. The procedure 5005 starts at step 5055,
and continues to step 5105, where a first section of the
beverage contamner 332 1s selected to check for a visual
indication of contamination of the beverage within the
beverage container. As noted above, the film prevents the
beverage contained within the beverage container from
(immediately) contacting and reacting with the testing mate-
rial lined, for example, within the inner or outer surface of
the base 310, the rnm 320, the sidewall 312, or the top (e.g.,
as similarly shown by example in either FIG. 3a-d and/or
FIG. 4 above). Thus, should the user desire to test the
beverage for contaminants, the user need only, e.g.,
“scratch” away or otherwise remove the wax lining, thereby
exposing the beverage to the newly revealed testing mate-
rial. However, this scratching step 1s not necessarily required
in order to test the beverage due to the porous nature of the
film as described above. For example, as discussed above,
cach section may allow for varying times when the beverage
may pass through the film to the testing matenal, e.g.,
depending on the porous nature, type, and/or amount of the
film used at each section. Once the testing material of the
first section of the beverage container 1s exposed to the
beverage, e.g., either by removing the film or due to the
porous nature of the film, 1t 1s determined at T, whether the
beverage container at the first section indicates that the
beverage 1s contaminated with a drug in step 5205. 1T yes,
the procedure moves to step 5300 where the beverage
container indicates that the beverage 1s not safe to drink. Any
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type of indication or alert 1s contemplated where the user 1s
made aware of the outcome of the test. For example, the
indication may be visual (e.g., a color change 1n the test
maternial). However, any suitable indication technique may
be used. The procedure then ends at step 5405.

However, 11 at step 5205 the determination i1s no, the
procedure moves to step 5500 where the beverage container
at section one indicates that the beverage 1s safe to drink.
Such an 1indication may be the absence of a visual indicator.
For example, 11 the beverage container 1s white by default,
and 1f the visual indicator is a color change, then the
beverage container remaining the default color (1.e., white)
may be considered an absence of a visual indicator. How-
ever, any suitable indication method or technique may also
be used. The procedure then moves to step 5600 where the
user may wait and select/view the next section to check for
a visual indication showing whether the beverage 1s now
contaminated at T,. Notably, as discussed above, the next
section of the beverage container may automatically re-test
the beverage, or allow the user to remove the film to more
immediately expose the beverage to the testing material. The
procedure then loops back to step 520b.

In a preferred embodiment, the beverage container 1s the
testing material and vice versa (e.g., replacing a portion of
the beverage container with the testing matenial, directly
attaching the testing material to a portion of the beverage
container, etc. as illustratively discussed with regard to FIG.
1 and FIG. 3a), as opposed to prior testing devices/kits like

the one described in the above mentioned U.S. patent
application Ser. No. 11/899,646, titled STRAW HOLDER

INTEGRATED WITH A BEVERAGE CONTAINER,
where the testing material 1s part of an enftirely separate
component, and where the separate component must then be
connected to the beverage container. As such, the user
illustratively 1s not required to remember to bring a test kit
component or to use the test kit. However, 1n alternative
embodiments, the testing material may also be provided
separately from the beverage container (e.g., with or without
the wax lining applied to the testing material) to be athxed
or bonded to the beverage contaimner at a later time (e.g.,
using an adhesive or other suitable maternal). For example,
one side of the testing material may comprise the adhesive,
while the other side may comprise the wax liming. In the
embodiment, it may be advantageous to have the adhesive
be resistant to liquid so as to prevent the beverage from
circumventing the wax {ilm to the testing material. Provid-
ing the testing material separately may be useful, inter alia,
for example, where the beverage container (e.g., beer glass,
porcelain collee mug, etc.) 1s not conventionally disposable
as 1s, €.g., a paper cup. For instance, a public bar using their
own glasses to serve alcohol may benefit from an embodi-
ment where the separate replaceable testing material lines
the glasses 1nstead of requiring the bar owner to acquire the
disposable beverage containers, where the testing material 1s
“built-into” the beverage container. That 1s, a used testing
material 1n the non-disposable beverage containers may be
replaced with a new testing material.

FIG. 7 1s a schematic block diagram of an illustrative
beverage container 700 that may be used 1n accordance with
one or more embodiments of the present disclosure. An
indicator (e.g., recognition site for one or more substances)
may be combined (1.¢., incorporated) onto a polymer from
which the beverage container 1s made. Illustratively, this
may be accomplished, e.g., by direct modification of the
polymer 720 from which the plastic (and/or other material)
in the beverage container (e.g., wall surface 715) 1s made.
While FIG. 7 1s described in terms of the polymer 1 a
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specific portion of the beverage container, 1.e., wall surface
715, any or all portions of the beverage container may also
be used (including within wall 715). As such, the description
of using any specific portion of the beverage container
should be taken as exemplary only. A polymer, as 1s known
to those skilled in the art, 1s broadly described as a linear
(although 1t need not be linear) molecule comprising repeat-
ing structural “units™ (1.e., monomers). For example, poly-
vinyl chlonide, or PVC (e.g., white plastic typically used to
make pipes for cold water return 1 homes), may be
described as a polymer comprising repeating unmits of vinyl
chloride monomers that are linked, e.g., serially via chemi-
cal bonds to form a long, “spaghetti-like” molecule. A
polymer generally may contain pendant chemical groups on
cach repeat unit at which an indicator may be incorporated.
I[llustratively, according to one or more embodiments, the
indicator may be pre-attached to the monomer prior to
polymerization and/or post-attached after the polymer has
been made.

Although FIG. 7 illustrates “linear” polymers typically
used 1n mdustry, those skilled in the art will appreciate that
linear polymers also can be cross-linked to form two-
dimensional and three-dimensional polymers. As such, any
particular description of a “linear” polymer or otherwise
should be taken as exemplary only and not to otherwise limit
the scope of the disclosure. Cross-linking 1s a technique
known to those skilled in the art, for example, to make
plastics derived from polymers stronger and less flexible.
Cross-linking may 1illustratively be accomplished by incor-
porating monomers that have pendant chemical groups that
are reactive such that the pendant chemical groups on
different sections of the linear polymer chain react with one
another on contact to form a chemical bond. Cross-linking
of the linear polymer chains in that manner results 1 a
two-dimensional or three-dimensional polymer. Cross-link-
ing requires that at least some of the pendant chemical
groups on the linear polymer are reactive such that they
cross-link the polymer chains. That can be accomplished
using different methods known to those skilled in the art.

For example, a first illustrative method 1s to prepare the
polymer using a mixture of at least two diflerent monomers,
one of which may contain the indicator or a reactive chemi-
cal group that will bind to the indicator, the other of which
contains a reactive chemical group that 1s capable of cross-
linking the polymer chains by forming a chemical bond.
That concept may be illustrated in FIG. 10 described further
below for a block co-polymer. In that example, the sections
1015A of polymer are generated from monomers containing
the indicator as a pendant group. Incorporating reactive
pendant groups into the sections 10158 of polymer would
result 1n a cross-linked polymer. In this illustrative embodi-
ment, some of the monomers contain the indicator, and some
contain the cross-linking groups. The first illustrative
method may differ, for example, from that described in
another 1llustrative method described below, in which the
monomers contain both the indicator and a reactive chemical
group capable of cross-linking. While some specific
examples of accomplishing cross-linking are illustratively
described, those skilled 1n the art will appreciate that other
cross-linking methods may also be used. As such, any
particular cross-linking example should be taken as exem-
plary only and not to limit the scope of the disclosure. For
example, cross-linking may be accomplished using block
co-polymers where the monomers containing the indicator
and those containing the cross-linking groups are segre-
gated. Cross-linking also may be achieved by simply mixing
the different monomers such that the resulting polymer chain
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contains a random, disordered arrangement of the difierent
monomers instead of segregated sections of like monomers.
Cross-linking by forming a chemical bond between pendant
reactive chemical groups may be accomplished by having
the pendant chemical groups react with one another via
chemical reactions that differ from those used to link the
monomers into polymers. As can be appreciated by those
skilled 1n the art, there are many commonly known reactive
groups for this. Cross-linking reactions also generally
require two diflerent reactive chemical groups for a reaction
to occur between the two groups. Generally, according to
one or more illustrative embodiments, one type of reactive
chemical group 1s not reactive with 1itself. There are known
examples where chemical groups do react with themselves,
and are contemplated with one or more illustrative embodi-
ments.

Another 1llustrative method 1s to prepare a polymer using
at least two difterent monomers, one of which features a
pendant group comprising both the indicator and also a
reactive chemical group capable of cross-linking, and the
other of which comprises the indicator and a chemical group
capable of cross-linking (see my comment 1n the paragraph
above regarding the requirement for two different reactive
chemical groups for cross-linking to occur). In this 1llustra-
tive method, the monomers contain both the indicator and
the reactive cross-linking group 1n the same pendant group.
This concept may be 1llustrated in FIG. 8 where 803 1s the
indicator/recognition site, and 810 1s the linker illustratively
comprising the cross-linking group. Both illustrative (or
other known) methods may result in formation of a linear
polymer contaiming the indicator than can undergo cross-
linking via reaction of the cross-linking groups to form a
two-dimensional or three-dimensional cross-linked polymer.

According to one or more illustrative embodiments, such
as the one shown i FIG. 8, indicator 805 may be attached
(e.g., combined) onto a backbone 815 of a polymer 800 (e.g.,
a pure polymer) of a beverage container via linker 810. One
or more indicators 803 exposed on the surface of the
beverage contaimner may be available to react with any
specific drug (or other specific substance) that comes 1nto
contact with the surface (indicators). The repeat unit (1.¢., the
monomer starting material that may be used to make the
polymer) 1s indicated in brackets, where n indicates the
number of repeat units 1n the polymer.

FIG. 9 1s a schematic block diagram showing exemplary
techniques/procedures 900 for preparing polymers of a
beverage container with attached (e.g., combined) indicators
905 that may be used according to one or more embodiments
of the disclosure. Illustrative example 1, according to one or
more embodiments, comprises using a monomer (€.g., the
starting material used as the repeat unit in the backbone of
the polymer) that may contain a selected 1indicator bound to
the monomer via a chemical bond (1.e., pre-attachment). As
alluded to throughout, the approprnate indicator(s) may be
selected depending on, e.g., the specific/particular
substance(s) that 1s to be detected. The chemical bond may
consist of any type of chemical bonding interaction such as
a covalent bond (a normal chemical bond between two
atoms (e.g., that are not metals)), an 10onic bond (a bond
between positively and negatively charged i1ons), or a
weaker intermolecular bond/force (e.g., hydrogen bond,
dipole-dipole bond, 1on-dipole bond, van der Waals bond,
ctc.) that results i1n attachment of the indicator to the
monomer. Those skilled 1n the art will appreciate that any
other pre-attachment techniques may also be used that
results 1n attachment of the indicator to the monomer. As
such, any particularly disclosed pre-attachment technique
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should be taken as exemplary only and not to limait the scope
of the disclosure. Formation of the corresponding polymer
via polymerization of the monomer (e.g., a chemical reac-
tion between the monomers that links them together) may
create a plastic (and/or other material) with surface-exposed
indicators. Forming polymers via a chemical reaction
between monomers (e.g., radical polymerization, cationic
polymerization, anionic polymerization, or other types of
polymerization reactions, etc.) 1s well-known 1n the art.

Hlustrative example 2, according to one or more embodi-
ments, comprises using a monomer with a reactive linking,
group to which the indicator can be attached after the
polymer 1s prepared (1.e., post-attachment). Post-attachment
of the indicator to the reactive linking groups on the back-
bone 915 of the polymer may be achieved, for example, by
reacting/exposing the polymer to indicator 905. For attach-
ment to occur, the indicator should preferably contain a
reactive group that will form a chemical bond with the
reactive linking groups. The chemical bond may consist of
any type of chemical bonding interaction such as a covalent
bond (a normal chemical bond between two atoms (e.g., that
are not metals)), an 1onic bond (a bond between positively
and negatively charged 1ons), or a weaker intermolecular
bond/force (e.g., hydrogen bond, dipole-dipole bond, 10n-
dipole bond, van der Waals bond, etc.) that results in
attachment of the indicator to the polymer (e.g., of the
beverage container). Those skilled 1n the art will appreciate
that any other post-attachment techniques may also be used.
As such, any particularly disclosed post-attachment tech-
nique should be taken as exemplary only and not to limit the
scope of the disclosure. Notably, example 2 (e.g., attaching
an indicator to the polymer/plastic after the beverage con-
tainer has been manufactured) offers a potential advantage
of requiring less of the indicator, e.g., since attachment of the
indicator will (mostly, 1 not entirely) occur only on the
surface of the beverage container, rather than within the
interior of plastic/polymer. Those skilled 1n the art will
appreciate that attachment (e.g., post-attachment) of the
indicator may occur at different phases of the manufacturing
process (1.e., any time between the beginning and end of
manufacturing of any portion of the beverage container that
may eventually be used to create a beverage container of the
present disclosure. For example, according to one or more
illustrative embodiments, post-attachment during the manu-
facturing process time to the finished plastic container (e.g.,
alter the polymer/plastic 1s processed to form a beverage
container) may result in attachment of the indicator on the
surface of the beverage container. However, some 1ndicator
also may difluse into the finished plastic and become
attached within the interior of the plastic as well as on the
surface. According to one or more alternative embodiments,
attachment (e.g., post-attachment) of the indicator may be
carried out during the manufacturing process time after the
polymer 1s prepared but before the polymer 1s processed to
form, e.g., a beverage container. Post-attachment to the
polymer (not the finished plastic) may illustratively result in
attachment of the indicator at all or most of the linker sites.
In that case, the indicator may be present both at the surface
and within the plastic when it 1s prepared from the polymer
comprising the post-attached indicator.

Both examples, whether carried out before and/or during
and/or after the beverage container has been manufactured/
created, result 1n a polymer (e.g., when a polymer 1s 1llus-
tratively used) with attached indicators exposed at least at
the surface (and/or according to one or more embodiments,
within the 1nterior of the plastic). Those skilled 1n the art waill
appreciate that, 1n any illustrative embodiment throughout
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where appropriate, the indicator may be applied/attached/
combined, incorporated, etc. to any portion of the surface of
(and/or within) the beverage container and may be done
using any technique that brings the indicator into contact
with the plastic/polymer (or other usable material) such that
the indicator 1s enabled to react to form a chemical bond
(e.g., via spraying, dipping, rolling, stamping, printing,
evaporating, etc.). Moreover, other differing techniques are
also contemplated. Thus, any description of any particular
indicator “attaching” (e.g., combining/incorporating, etc.)
technique described throughout, or otherwise (or combina-
tion thereol) should be taken as exemplary only and not to
limit the scope of the disclosure.

Similarly to the illustrative description of, e.g., FIG. 2
above, such techniques may allow application of the 1ndi-
cator onto defined regions/sections of the beverage container
to enable different (or 1dentical) indicators to be patterned on
its surface. According to one or more 1illustrative embodi-
ments, testing material of the beverage container may be
made using either example for multiple drugs rather than a
single drug, e.g., by mcorporating a “cocktail” mixture of
different indicators into or onto the surface of the polymer/
plastic via pre-attachment and/or post-attachment and/or by
patterning different indicators 1 different and/or same loca-
tions on the surface of the polymer/plastic. Those skilled in
the art will appreciate that the material of the beverage
container may be made to test/monitor for a single drug or
multiple drugs. As used throughout, unless otherwise sug-
gested, the term 1ndicator may be used to denote one or more
indicators.

Notably, the ability of the human eye to detect a color-
metric response (i1.e., change 1n color) of the beverage
container (1.e., via a colorimetric response of the indicator)
may depend on multiple factors. For example: the amount
(1.e., concentration) of the drug 1n the beverage, the amount
(1.e., concentration) of the indicator(s) present on or in the
material of the beverage container, the amount of the drug
that binds to the indicator(s), the sensitivity of the indicator
to the drug and the corresponding response of the indicator
(e.g., ability to cause a dramatic “detectible” color change).
As such, 1t the response 1s “detected” on the chemical level
but not sufliciently so that it may be detected by the human
eye, or 11 the response 1s detected by the human eye but the
response 1s desired to be more prominent, more indicators
may be added onto or within the material of the beverage
container and/or the thickness of the coating with the
indicator(s) may be increased. Advantageously, taking at
least the above factors 1nto consideration, the present dis-
closure makes 1t 1s possible to vary the concentration of the
indicator, not only to detect nearly any relevant drug con-
centration (1.e., a concenftration resulting 1n a noticeable
ellect to whomever consumes the drug), but also as a tool to
measure when at least a minimum concentration of a sub-
stance 1s reached. As an example, the beverage container
may be used to detect whether or not a city water supply
contains too much, e.g., fluoride or other substance (i.e.,
when a concentration threshold has been met), or 1t a
maximum dosage of a medication has been reached, etc.

According to one or more alternative embodiments that
may help a visual reaction be more detectible to the human
eye, the beverage container may be made to fluoresce 1n
response to detecting a drug in the beverage. This may be
particularly advantageous in situations where the surround-
ing environment 1s dark or where a UV light source (e.g.,
black light or similar 254 nanometer or other UV wave-
length light) may readily be available (e.g., mght club,
fraternity party, etc.). As can be appreciated by those skilled
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in the art, a fluorescent response may depend on the indi-
cator, the materials used to anchor the indicator to the
beverage container, and possibly the contents of the bever-
age. The concept of using a fluorescent indicator may not
differ 1n implementation from other embodiments described
throughout, 1n that, generally, e.g., a diflerent type of 1ndi-
cator (1.e., fluorescent) 1s used instead. One potentially
functional diflerence may be that fluorescent indicators may
not be specific for a particular compound (1.e., a drug) the
way, say, Zimmerman’s Test Reagents are selected for
detection of diazepam (1.e., that reagent 1s specific for that
class of compounds). Fluorescent indicators, however, tend
to react with any UV absorbing compound. Thus, the use of
fluorescent 1indicators may produce higher amounts of false
positives. With that being said, the use of fluorescents may
be used as a means of making indicators that are selected
specifically for a particular compound be more visible on the
surface of the beverage container, rather than being used as
the drug/substance indicator itself (1.e., as a contrasting
background for the selected drug indicators).

An 1llustrative techmque that may be used to implement
the fluorescent embodiment(s) 1s called Thin Layer Chro-
matography (TLC), which 1s well known 1n the art, used to
create a TLC plate. The concept of TLC may be applied to
the material of the beverage container. That 1s, the material
in the wall of the beverage container may contain an
absorbent matenal (e.g., paper, plastic, silica gel, alumina,
zeolite, or other porous/absorbent matenal, etc.) with an
embedded and/or attached (chemically bonded) fluorescent
indicator. Alternatively, the material in the wall of the
beverage container may contain an embedded and/or
attached (chemically bonded) fluorescent indicator on the
surface 1n the absence of an absorbent material. In addition,
the material 1n the wall of the beverage container preferably
has a light color so that a change in color under a UV lamp
may be seen better with the human eye. Advantageously,
TLC plates are generally white.

Compounds on the TLC plate may also be visualized on
the TLC plate 1n other ways. For example, 11 the compound
1s highly colored, it may appear as a colored spot all on 1ts
own without using a UV lamp. As another example, com-
pounds on a TLC plate may also be visualized by exposing
the plate to a chemical reagent that reacts with the compound
on the plate, causing a color change. However, the latter an
approach may not be the most preferable since the walls of
the beverage container may need to be sprayed with a
chemical reagent, which may bring up safety 1ssues. Those
skilled 1n the art will appreciate that any method of using
fluorescents (and/or any other techniques to create a better
contrasting background) with the beverage container may be
used without departing from the scope of the disclosure.

According to one or more illustrative embodiments, a
“drop” of a solution containing a compound or mixture of
compounds may be placed onto the surface of a thin layer
(c.g., less than 1 mm) of fine silica gel (glass) particles that
are bonded to plastic or glass-backed plate. The TLC plate
may then be placed, e.g., vertically, into a beaker containing
an organic solvent. On contact with the TLC plate, the
solvent may wick up the TLC plate 1n a manner similar to
water wicking up a paper towel. Illustratively, as the solvent
moves up the plate, 1t interacts with the compounds spotted
on the silica gel, pulling them up the plate. The compounds
are attracted to the silica gel and to the solvent as it moves
by. As the compounds are dragged along the plate by the
solvent, they may move at diflerent rates, causing them to
separate based on differences in their polarity. Once the
solvent moves most of the way up the plate, the plate 1s
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removed from the solvent and dried. UV light may then be
used to visualize (see) the separated compounds. A 254
nanometer ((nm) wavelength light) UV lamp 1s held over the
TLC plate, where the compounds appear as colored spots on
the plate.

While one or more illustrative embodiments are described

in terms ol a (pure) polymer, 1t 1s contemplated that a
co-polymer (or cross-linked co-polymer noted above) may
also be used. FIG. 10 1s a schematic block diagram of a
co-polymer 1000 of a beverage container that may be used
with one or more embodiments of the disclosure. Repeat
units of the different polymer segments are indicated in
brackets, where n and m indicate the number of repeat units
in each segment. A co-polymer diflers from a pure polymer,
¢.g., in that 1t may feature alternating segments of two or
more different polymers (e.g., polymer A and polymer B).
Theretfore, some or all of the disclosure applied to the pure
polymer may also be applied to a co-polymer. For instance,
similarly to the description of FIG. 8, indicator 1005 may be
attached (e.g., secured, ailixed, combined, incorporated,
etc.) onto the backbone of a co-polymer (e.g., 1015A of
polymer A) wvia linker 1010, and similar to the above
disclosure of FIG. 9, indicator 1005 may be introduced on
the polymer either via pre-attachment and/or post-attach-
ment. Moreover, testing for multiple drugs rather than a
single drug can be carried out by incorporating a “cocktail”
mixture of different indicators into the plastic/co-polymer,
¢.g., by 1ncorporating a range of different indicators into
different and/or same segments and/or as mixtures within the
same segment of the co-polymer.

The properties of the different segments, such as the
lengths, may be varied to control the material properties of
the corresponding plastic/polymer. For example, if polymer
B segments impart specific desirable properties to the poly-
mer (e.g., strength, handling of the material, etc.), then the
relative amount of the polymer B segments may be
increased (or decreased) while still allowing attachment of
indicator 1005 on the polymer A segments. While polymer
backbone 1015B is described without an indicator, this need
not be a requirement. For example, those skilled 1n the art
will appreciate that other indicators (e.g., fluorescent) may
still be attached, or alternatively as noted above, reactive
chemical cross-linking groups may 1llustratively be attached
to create a stronger plastic/polymer. As such, the use of only
a single polymer with indicators (or otherwise) should be
taken as exemplary only and not to limit the scope of the
disclosure.

FIG. 11 1s a schematic block diagram of an illustrative
beverage container 1100 that may be used 1n accordance
with one or more embodiments of the disclosure. According
to one or more embodiments, the material of wall 1115 of the
beverage container may be coated with, for example, a
second material 1120 (e.g., polymer) comprising an indica-
tor (not shown) to combine or otherwise make the material
of the beverage container comprise the testing materal.
According to another illustrative embodiment, the material
of the walls of the beverage container may be coated with,
for example, a flexible adhesive film 1120 containing the
indicator to make the material of the beverage container
comprise the testing material. A thin layer of a polymer or
co-polymer (or other appropriate material) containing the
indicator may be deposited onto wall 1115. The indicator-
polymer coating 1120 may be prepared at least according to
any of the examples described herein (e.g., pre-attachment
and/or post-attachment), however, any currently established
or future established means that may enable combining the
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material of the beverage container with the testing matenal
(e.g., indicators) may also be used.

As can be appreciated by those skilled 1n the art, incor-
porating indicators 1nto the material from which the walls of
the container are made, or incorporating indicators into a
material that 1s applied as a coating to the walls of a beverage
container are possible non-limiting examples ol implement-
ing the present disclosure. Thus, as used throughout, the
beverage container may be considered to comprise a mate-
rial (e.g., “the material of the beverage container”), whether
being, e.g., a material 1n or of the wall of the beverage
container (e.g., 720, 1125, 1325, etc.) (e.g., at any phase of
the manufacturing process time of the beverage container
and/or material of the beverage container), or whether being,
¢.g., a matenal (e.g., 1120, 1320, or SAM, etc.) (e.g., at any
phase of the manufacturing process time of the beverage
container and/or material of the beverage container) that 1s
to be later applied/coated/layered/adhered, etc. onto the
beverage container.

According to one or more alternative embodiments, dif-
terent indicators may be introduced by applying a plurality
of thin layers of polymer coatings 1120 that each contain the
same or different indicator. Thus, the description of using a
specific number of layers should be taken as exemplary only.
Preferably, the over-layers of polymer coatings (i.e., coat-
ings closer to the inner surface of the beverage container 1n
contact with the beverage held within the beverage con-
tainer) are permeable to the beverage and to the different
drugs being detected 1n order for the drugs to penetrate to the
layer/coating containing the selected corresponding indica-
tor to maximize response ol the indicator.

According to yet another embodiment, a thin plastic/
polymer and/or other matenal (e.g., including but not lim-
ited to maternials described throughout contaiming the indi-
cator) may be combined or applied to the surface of a
plastic/metal/glass/paper container as a flexible film with an
adhesive backing. Similarly to one or more other embodi-
ments, the flexible adhesive film need not coat the entire
surface of the beverage container uniformly, and may be
applied horizontally as a strip either around the 1nside of the
container, or vertically running from top to bottom, or 1n any
other orientations and/or patterning. Similarly to one or
more other embodiments, the application of multiple adhe-
sive fllms comprising different indicators or mixtures of
indicators may allow testing for multiple substances (e.g.,
drugs, bacteria, or any other substance capable of detection).

FIG. 12 1s a schematic block diagram of an illustrative
polymer 1200 comprising an embedded indicator that may
be used 1n accordance with one or more embodiments of the
disclosure. Combining by embedding an indicator within a
polymer may be similar to coating the material of the
beverage container wall(s) with another material (e.g., poly-
mer layer) to which indicators are attached/combined via a
chemical bond as described above. However, according to
another illustrative embodiment, instead of combining by
attaching the indicator via a chemical bond to the polymer
matenal (e.g., of the beverage container wall and/or of a
layered coating of the beverage container wall), the indicator
1205 1s embedded within the polymer 1210. Embedding
organic compounds (e.g., indicator 1205) within plastics of
polymers may be achieved, for example, by forming the
plastic from the polymer in the presence of the organic
compound 1n a concentration such that the compound
becomes trapped, or embedded, within the plastic as 1t
forms. Detection of a contaminated beverage may 1llustra-
tively be achieved by allowing the contaminate (e.g., drug)
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in the beverage (whlle the beverage 1s within the beverage
container) to diffuse into the polymer coating to reach the
indicator.

Depending on the size of the indicator compared to the
polymer 1n which 1t 1s embedded, 1t 1s possible that the
indicator may leach out of the polymer at some appreciable
rate. However, the rate of leaching will be low or nonexistent
(e.g., over the time frame for drinking one or more bever-
ages). According to one or more alternative embodiments,
leaching may be reduced or completely obwviated, for
example, by making the indicator larger using known tech-
niques (e.g., attaching a material to the indicator). As a
result, the indicator would still manifest a color change in
the presence of the appropriate substance, but the increased
s1ze of the 1indicator (compared to the material within which
the indicator 1s embedded) would prevent i1t from leaching
through the polymer. Those skilled in the art will appreciate
that any other suitable techniques for reducing and/or pre-
venting leaching may also be used. Additionally, those
skilled 1n the art will appreciate that other attaching/com-
bining/incorporating techniques may also be used without
departing from the scope of the disclosure. Thus, any
description of any particular indicator combining techmque
described throughout, otherwise known currently or in the
future to those skilled in the art, or combination thereof,
should be taken as exemplary only and not to limait the scope
of the disclosure.

FIG. 13 1s a schematic block diagram of an illustrative
beverage container 1300 that may be used in accordance
with one or more embodiments of the disclosure. According
to one or more 1illustrative embodiments, 1n no particular
order, an indicator 1305 may be mixed into a porous material
1320, where a thin coating of the porous material may be
deposited onto the wall surface 1315 (comprising material
1325) of a, e.g., plastic/metal/glass/paper, etc., beverage
container. As such, the wall surtace 1315, and therefore the
beverage container, may illustratively comprise material
1320. Illustratively, the porous material may be any of a
variety of organic and/or morganic materials and/or hybnd
organic/inorganic materials that exhibit porous behavior
such that the matenal (e.g., 1320) 1s permeated by pores or
channels that allow, for example, an indicator to be incor-
porated within or on the surfaces of the porous matenal, and
drug (or other contaminate) molecules contained in a bev-
erage which 1s also within the beverage container) to difluse
into the pores/channels and react with the indicator 1305.

Ilustratively, any type of porous material 1320 may be
used to carry out the functions of the disclosure. Thus, any
description of particular porous material(s) should be taken
as exemplary only and not to limit the scope of the disclo-
sure. For example, different classes of porous materials may
include, but are not limited to porous synthetic polymers/
co-polymers, porous biopolymers (e.g., cellulose and other
polymers of carbohydrates (e.g., sugars)), polymers of
amino acids (e.g., proteins/enzymes), polymers of nucleic
acids (e.g., DNA/RNA), porous gels (e.g., hydrogels,
organogels, zerogels), porous mmorganic minerals (e.g., zeo-
lites, silica gel, nanoporous silica, mesoporous silica,
microporous silica, porous glass), and porous hybnd
organic/inorganic materials such as coordination polymers
commonly referred to as metal-organic frameworks. Porous
materials dertved from combinations (mixtures) of diflerent
types of porous materials are also contemplated (e.g., zeo-
lites embedded within or attached to the surface of a
synthetic polymer). According to one or more embodiments,
indicator 1305 may be chemical bonded to the chemical
constituents within or on the surface of porous material 1320
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(as noted above), or the indicator may be embedded/trapped
within porous material 1320 (as noted above).

Described below 1s an example of a coating consisting of
a porous material containing an indicator using porous
silica. As noted above, any appropriate type of porous
material may be used to carry out the functions of the
disclosure. Thus, any description of particular porous mate-
rial(s) (e.g., porous silica) should be taken as exemplary only
and not to limit the scope of the disclosure. Porous silica
comprises silica (510, ), which 1s a major component 1n, €.g.,
glass and sand. Porosity in silica may result at least 1n part
from nano-scale or micro-scale pores/channels present in the
material that permeate the structure, thereby allowing sol-
vents such as water and/or other molecules present 1n water
to diffuse 1nto the pores/channels within the silica. Attaching
and/or embedding 1ndicators in porous silica offer several
advantages. For 1nstance, silica 1s cheap, easy to work with,
forms thin films easily (e.g., TLC plates), may be dispersed
as porous particles 1 polymers to form flexible films, and
forms pores/channels that are very permeable to water and
other aqueous solutions.

Notably, the chemical structures, physical properties,
level of porosity, mechanical stability, etc. of porous silica
may vary considerably. For example, crystalline porous
s1lica with properties similar to glass would be more appro-
priate for bonding well to glass containers. Softer, more
flexible films of porous silica particles dispersed 1n polymers
or elastomers (e.g., rubbery gel materials) would be more
appropriate for bonding well to plastic containers. As such,
depending at least on such things as the matenial of the
beverage container, a preferred porous material may be
selected. As with the embodiments described throughout,
porous silica and/or films containing porous silica may be
applied uniformly to the surface of the beverage container
and/or patterned on the surface 1n specific locations.

According to one or more alternative embodiments, indi-
cators may be directly attached (e.g., secured, aflixed,
coupled, combined, incorporated, etc.) to a surface of the
beverage container, e.g., as seli-assembled monolayers
(SAMs) and/or as thin films. FIG. 14 1s a schematic block
diagram showing an exemplary technique/procedure 1400
for attaching indicators 1407 to the surface of, e.g., metal,
glass, plastic or paper beverage container via chemical
bonding between a reactive linking group 1410 and an
attachment site 1405 on the surface (e.g., of the beverage
container) according to one or more embodiments of the
disclosure. Attachment site(s) 1405 on the surface 1illustra-
tively represent an atom or group of atoms (e.g., 1n the case
of a metal) or a chemical group (e.g., 1n the case of glass,
plastic, and/or paper) that form a chemical bond with
reactive linking group 1410 on indicator 1407. FIG. 14 may
differ from one or more embodiments described throughout,
for instance, as 1t involves attaching indicators directly to the
surface of a metal (e.g., gold, silver, etc.), a silica (e.g.,
glass), a polymer (e.g., plastic or otherwise), and/or a paper
matenal, etc. of a beverage container. Those skilled in the art
will recognize that the implementation of SAMs 1s well
known and may be implemented using any currently estab-
lished or future established means, such as the illustrative
examples described further below. Therefore, any specific
implementations of SAMs described should be taken as
exemplary only and not to limit the scope of the disclosure.
Generally, however, the process comprises an indicator 1407
with a linking group 1410 that will attach to the surface by
forming a chemical bond (described above) or any other
chemical bond/reaction with the surface 14135 that results 1n
attachment of indicator 1407 to the surface of, e.g., metal,
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glass, plastic and/or paper as illustratively represented by
1420. That process 1s referred to as self-assembly and the
resulting molecular film 1s referred to as a self-assembled
monolayer, or SAM.

The term SAM generally refers to a molecular film that 1s
a monolayer the thickness of, e.g., a single molecule. In
some cases, however, the above process results in a multi-
layer thin film that 1s the thickness of, e.g., two or more
molecules (e.g., a bilayer, a trilayer, etc.). Multilayer films
generally form when there 1s a strong attractive interaction
(e.g., an mtermolecular bond) between the portions of the
molecules exposed on the surface of the SAM. As a result,
additional layers may be able to bind on top of the first layer
(1.e., the SAM). For example, the naturally occurring amino
acid cysteine 1s known to form bilayers rather than mono-
layers when cysteine 1s exposed to gold surfaces. In the case
of cysteine, the “over-layer”, or 2”? layer, may form because
there 1s a strong attraction between the amino and acid
organic groups in cysteine that cause a second layer to stick
on the first layer. The result 1s a bilayer in which the first
layer (i.e., the SAM) anchors the molecules firmly to the
gold surface by forming a strong chemical bond; weak
attractions between the surface and molecules 1 solution
may cause a second layer to attach on top of the first. As a
consequence, according to one or more illustrative embodi-
ments, direct attachment of indicators to create SAMs may
result either 1n a SAM (a monolayer) of attached indicators,
or a bilayer or multilayer composed of two or more layers of
attached indicators. Typically, a SAM 1s a monolayer and as
such direct attachment of indicators to surfaces may be
referred to as forming thin films. However, the term SAM
(or thin film) may be interpreted to encompass either mono-
layers (SAMs), bilayers, other multilayer films, or any
combination thereof.

As with one or more of the illustrative embodiments
described throughout, SAMs may be applied uniformly to
the surface of the beverage container and/or patterned on the
surface 1n specific locations, e.g., by applying them with a
roller, a stamp coated with a solution of the indicator, or by
spraying them onto the surface (e.g., ink-jet printing). I1lus-
tratively, the application of an indicator with a roller or via
spraying will do the same thing by patterning the indicator
in the region on the surface in contact with the roller or under
the nozzle of the sprayer. Illustratively, molecules that are
desired to be positioned on surfaces with precise control
may be patterned using microcontact printing, a technique
developed by George Whitesides.

FIG. 15 15 a schematic block diagram showing an exem-
plary SAM 1500 on a material 15235 (e.g., metal, glass,
plastic, paper, etc.), where the SAM illustratively comprises
an 1ndicator 1505, chemical linker 1510 (e.g., hydrocarbon
group), and (reactive) chemical group 1520 according to one
or more embodiments of the disclosure.

An example of SAMs on gold 1s described below. How-
ever, those skilled 1n the art will appreciate that other metals
with similar properties (e.g., silver, copper, etc.) may also be
used. As such, the description of creating a SAM on any
particular surface maternial 1525 (e.g., gold) should be taken
as 1illustrative only and not to limit the scope of the disclo-
sure. Illustratively, virtually any organic molecule that con-
tamns an exposed chemical group 1520, such as a sulfur-
containing group (e.g., a thiol (SH) or a disulfide) may
spontaneously bond to the surface of gold. Upon exposure to
the gold surface, the sulfuric) containing molecules may
bind to the gold surface and may then form a uniform layer
of molecules covering the gold surface that 1s the thickness
of, e.g., a single molecule as it stands up from the surface.




US 10,254,266 B2

25

For example, dipping a gold-coated glass microscope slide
into a solution of a thiol may produce a thin film of
molecules attached to the gold surface via a gold-sulfur
chemical bond. SAMs may be used as a means to attach a
variety ol different types of molecules (e.g., small organic
molecules, proteins, DNA, polymers, sugars, etc.) to gold
surtaces. Those skilled in the art will recognize that SAMs
may be utilized to modily the surface properties of materials
and for applications that may require attachment of mol-
ecules to surfaces. For example, SAMs may be used to
attach and pattern biomolecules such as DNA on gold 1n
order to create a “lab on a chip”. SAMs may also be used to
pattern 1on-selective organic molecules on gold 1n micro-
fluidic devices to create sensors for blood analytes. Only a
very thin layer (e.g., 0.1-100 nanometers thick) of gold may
be required on the surface, and therefore 1s not cost pro-
hibitive. Gold surfaces for making SAMs, generally, may be
prepared by evaporating or plating a small amount of gold
onto glass or silicon, as well as a wide variety of other
known and suitable substrates. Attachment of indicator 1505
to a gold surface may require the presence of a (reactive)
sulfur-containing group 1520 on the indicator. Sulfur-con-
taining groups may be introduced onto indicator 1503 using,
known methods of organic synthesis. Gold generally 1s not
transparent and may not bond well to other materials such as
glass or plastic. However, 1f a thin enough layer of gold (e.g.,
less than 100 angstroms, or 0.1 nanometers) 1s applied,
however, gold may become optically transparent. Moreover,
adhesion of gold films on materials it does not stick (i.e.,
bond) well to may be improved by applying a thin layer of
another metal, such as titanium or chromium, and then
applying gold onto that metal.

An example of SAMs on glass 1s described below. How-
ever, those skilled in the art will appreciate that other
materials with similar properties may also be used. As such,
the description of creating a SAM on any particular surface
material 15235 (e.g., glass) should be taken as illustrative
only and not to limit the scope of the disclosure. Similar to
the concept of SAMs of molecules (e.g., indicators) on gold,
a similar concept may be applied on glass surfaces. For
example, molecules with one or more reactive silanesilyl
groups (groups such as trthalogenated silanes or trialkox-
ysilanes that contain reactive silicon atoms) may “‘sponta-
neously” form, e.g., a silicon-oxygen chemical bond to the
glass surface such that the glass becomes covered with a
“than layer” (e.g., a monolayer one molecule in thickness) of
the molecules. SAMSs on glass are less costly to prepare and
have the advantage that glass, and thus the SAM, 1s trans-
parent. According to one or more embodiments, SAMs of
indicators on glass are preferred for attaching indicators to
glass beverage containers.

An example of SAMs on plastic 1s described below.
However, those skilled 1n the art will appreciate that other
materials with similar properties may also be used. As such,
the description of creating a SAM on any particular surface
material 1525 (e.g., plastic) should be taken as illustrative
only and not to limit the scope of the disclosure. SAMs of
molecules (e.g., indicators) on plastics 1s similar to the
principle for SAMSs on gold and glass surfaces. For example,
formation of a SAM on plastic may require that the polymer
of the plastic contain one or more surface-exposed reactive
groups and that the molecule to be attached contain one or
more reactive groups that may form a chemical bond with
the reactive groups on the plastic.

An example of SAMs on paper 1s described below.
However, those skilled 1n the art will appreciate that other
materials with similar properties may also be used. As such,
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the description of creating a SAM on any particular surface
matenial 1525 (e.g., paper) should be taken as illustrative
only and not to limit the scope of the disclosure. SAMs of
molecules (e.g., indicators) on paper, or cellulose 1s similar
to the principle for SAMs on glass and plastic surfaces. For
example, formation of a SAM on paper may require that
cellulose or other chemical constituents of the paper contain
one or more surface-exposed reactive groups and that the
molecule to be attached contain one or more reactive groups
that may form a chemical bond with the reactive groups on
the paper. A major chemical component 1n paper 1s cellulose,
which 1s a biopolymer composed of the sugar glucose.
Glucose contains many alcohol (OH, or hydroxyl) groups
similar to the surface of glass. Therefore, molecules with
reactive groups that form a chemical bond to the surface of
glass (as noted above) may also form a chemical bond to the
cellulose 1n paper.

Direct attachment of indicators onto metal, glass, plastic,
and paper surfaces potentially offers advantages compared
to other 1llustrative embodiments described throughout. For
example, 1n no particular order, those advantages are: (1) no
polymer or gel coating 1s required; (2) very small amounts
of indicator are required to form SAMs; and (3) application
of molecule/indicators can be controlled spatially on the
surface more easily, e.g., using a well-known “stamping”
technique or other suitable technique. In a preferred embodi-
ment using a SAM, the indicator has a high sensitivity and
corresponding response that can be more easily observed by
the human eyve.

Due at least to various “quality control” purposes known
to those skilled 1n the art, any of the above noted processes
(or other processes) of making the material of the beverage
container comprise the testing material preferably would not
be carried out by an “individual” end user (e.g., individual,
proprietor 1n a drinking establishment, etc.), but rather by,
¢.g., a manufacturing/laboratory process or the like. How-
ever, 1t 1s contemplated that one or more of the techniques
described throughout may be performed (1.e., implemented)
as an extension of one or more illustrative embodiments
described above, by the end user given the appropriate
equipment and instruction. For example, the end users may
purchase a “spray”’, which may illustratively comprise either
a pure liquid indicator and/or a solution of the indicator
dissolved in a suitable solvent. The end user may also
purchase an applicator, such as a spraying apparatus,
designed to deliver the spray to the appropriate beverage
container. Those skilled 1n the art will appreciate that any
suitable applicator apparatus known to those skilled 1n the
art and/or described throughout, that may be capable of
delivering the spray (e.g., pure liquid indicator and/or a
solution of the imndicator dissolved 1n a suitable solvent) may
also be used. Thus, the delivery of the indicator/solution
need not actually be delivered literally in spray form.
According to one or more embodiments, the applicator
apparatus may comprise a pump-action bottle featuring a
button, handle, bulb, dropper, etc. that the user may operate
manually, such as, a spray device containing a compressed
gas, or a spray bottle featuring a mechanical/electrical
spraying mechanism, etc.

According to one or more 1llustrative embodiments, 1n the
case of a pure liquid indicator, the indicator may be deliv-
ered by the spray to the surface as a substantially pure
substance such that a small percentage of the indicator binds
to the surface (i.e., the surface becomes saturated with bound
indicator) leaving the majority of the indicator unbound as
a residue on the surface. The residual indicator may then be
rinsed ofl or inactivated upon contact with the beverage.
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According to one or more illustrative embodiments, in the
case ol an indicator dissolved 1n a suitable solvent, the
indicator may be delivered by the spray to the surface as a
mixture of indicator and solvent (e.g., water, or other sol-
vent) such that a (small) percentage of the indicator binds to
the surface leaving the majority of the indicator and the
solvent unbound as a residue on the surface. Application of
the indicator either as a pure liquid or as a solution will result
in formation of a thin film of indicator on the surface,
leaving residual indicator unbound on the surface (as well as
solvent i a solution 1s used).

According to one or more alternative embodiments, an
indicator may be contained in a “dishwasher tablet” (e.g.,
bag/pouch) means and/or “dishwasher additive” means (or
the like), such as the kind conventionally used 1n dishwash-
ers to clean dishes. For example, the Cascade dishwasher
pouch design offered by Procter & Gamble may be altered
to contain the indicator for later application. As such, the
process(es) of making the material of the beverage container
comprise the indicator testing material may be accom-
plished, e.g., by the end user, by “washing” the beverage
container 1n a dishwasher 1n the presence of the tablet or
additive. According to one or more illustrative embodi-
ments, the tablet and/or additive containing the indicator
with a reactive chemical group may be placed 1n the recep-
tacle 1n a dishwasher where detergent or other additives
normally are placed (or any other suitable location). Upon
starting the dishwasher, water enters the dishwasher and the
tablet/additive 1s released or exposed to the water. The
tablet/additive then dissolves into the water to form a
solution of additive in water. The solution of additive 1n
water 1s then applied to the surface of the beverage container
through the normal spraying and agitation process of the
dishwasher. When the solution of indicator comes mto
contact with the surface of the beverage container, 1t reacts
with the material of the beverage container and forms a
chemical bond on the surface or i1s absorbed. Advanta-
geously, the dishwasher provides the water to form an
aqueous solution of the indicator contained in the tablet/
additive, and also provides the spraying/agitating action that
applies the solution to the surface of the beverage containers
in the dishwasher. Another 1llustrative advantage to using a
dishwasher (or machine with the similar relevant functions)
1s that most 11 not all residual 1indicator that does not bind to
or 1s absorbed by beverage containers may be removed
during the rinse cycle of the dishwasher. Alternatively, due
at least to the reason discussed below, 1t may be advanta-
geous to have a machine with similar functionality of a
dishwasher, but that does not always use water. As another
illustrative alternative embodiment, a dishwasher may com-
prise an “indicator” cycle, where a suitable solvent 1s
introduced instead of water, and where water 1s used, e.g.,
only for the final rinse cycle.

As noted above, dishwashers generally involve the use of
water. The indicator may not bind to the beverage container
if the reactive chemical group in the indicator reacts with
water. For example, attachment of organic compounds to
glass may require the use of one or more trihalosilyl or
trialkoxysilyl groups to form a chemaical bond to the surface
of glass. Those reactive chemical groups may react with
water as well as, e.g., glass, since water 1s similar in
reactivity to the alcohol groups exposed on the surface of
glass. As a consequence, indicators with those reactive
chemical groups may react with water when the tablet/
additive dissolves. Trihalosilyl groups 1n particular are very
sensitive to the presence of water. Nevertheless, it may still
be possible to apply an indicator to glass containers in the
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presence ol water. For example, trialkoxylsilyl groups gen-
erally react more slowly with water compared to trihalosilyl
groups. Some of the indicator may then react with the glass
containers as well as with water 1 a suiliciently high
concentration of indicator 1s present and delivered by the
tablet/additive. Moreover, only a very small amount of
indicator 1s required to fully cover the surface of a beverage
container. Thus, even 1f less than, e.g., 1% of the indicator
reaches the surface, that may be suflicient to coat the entire
surface of the container. This same 1ssue may hold true for
other reactive chemical groups necessary for form a chemi-
cal bond to other container materials such as metal, paper,
plastic, etc. It may be necessary to use indicators with
reactive chemical groups that are compatible with water in
order to apply indicators to containers in a dishwasher
setting.

While one or more embodiments may be described 1n
terms of a polymer, those skilled in the art will recognize
that any other appropriate material may also be used without
departing from the scope of the disclosure. Furthermore, as
can be appreciated by those skilled 1n the art, a polymer need
not necessarily be referred to exclusively as a plastic, but
may also encompass a large class comprising both natural
and synthetic materials with a wide variety of properties.
Furthermore, while one or more embodiments may be
described 1n terms of a general polymer, those skilled 1n the
art will recognize that any suitable polymer (e.g., metal-
organic {rameworks (MOFs), branched polymers such as
star polymers, comb polymers, brush polymers, dendronized
polymers, ladders, and dendrimers, etc.) may also be used
without departing from the scope of the disclosure. As such,
any particular description of using a particular material (e.g.,
gel, metal, paper, polymer, linear, non-linear, hybnds, etc.,
or otherwise), should be taken as exemplary only and not to
limit the scope of the disclosure.

While one or more illustrative embodiments are disclosed
as testing for drugs (e.g., Rohypnol, Ketamine, GHB, etc.),
those skilled 1n the art will appreciate that the present
disclosure may also be used to detect other substances (i.e.,
contaminates) 1in a beverage container or otherwise. For
example, detection of organisms may also be used to deter-
mine 1f a beverage (e.g., drinking water) 1s safe (e.g., i
dangerous microorganisms are present). Generally, 1in the
case ol an organism, for example, the cell surface of the
organism may act similarly to a drug. The approprate
indicator, for example, protein, antibody, chemical indicator,
DNA, RNA, sugar, fatty acid, etc. may be selected that
recognizes the cell surface of the specific organism. Alter-
natively, for example, if the organism releases/secretes a
waste product, chemical signal, or other chemicals that can
be recognized by an indicator, those compounds similarly
may be monitored. Some organisms secrete chemicals that
enable them to bind to different types of surfaces, which may
also be monitored. Moreover, cranberry juice may either
prevent the organisms from sticking to surfaces or actually
kill them. However, in the case where a compound that did
the opposite (1.e., to which they were attracted or stuck to),
the organism may also be detectable with an indicator.

Advantageously, by using the beverage container itself as
the testing matenal, the user 1s provided with a (near)
cllortless and continuous monitoring of the beverage within
the beverage container without such illustrative burdens
required by the prior art, such as, inter alia, remembering to
bring a testing kit (disguised or otherwise) with a suflicient
number of testing strips, remembering to test the beverage,
and remembering to re-test the beverage at different times.
As another advantage, even 1f the user cannot distinguish
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between the eflect of the alcohol and the effect of ingesting,
a contaminated beverage, other onlookers may still notice
the reaction of the beverage container/testing material and
provide a warning to the user. Additionally, the testing
material of the beverage container (e.g., any unused por-
tions) may also be used to test other beverages of diflerent
users, such as an acquaintance that may not be 1n possession
of the disclosed beverage container or a testing kit.

While there have been shown and described illustrative
embodiments using a beverage container, it 1s to be under-
stood that various other adaptations and modifications may
be made within the spirit and scope of the present invention.
For example, the embodiments have been shown and
described herein where the wax film protecting the testing
maternal prevents the beverage contained within the bever-
age container from immediately contacting and reacting
with the testing material lined with the beverage container.
However, the embodiments of the invention 1n their broader
sense are not so limited, and may, 1n fact, be advantageously
used to line, e.g., a beverage stirrer or a beverage straw. For
example, the straw may be lined with the testing material
and the wax. This would allow the straw to function as both
a conventional straw and as the testing material to attain
some or all of above advantages.

The foregoing description has been directed to specific
embodiments of this discs closure. It will be apparent,
however, that other variations, substitutions, combinations,
and modifications may be made to the described embodi-
ments, with the attainment of some or all of their advantages.
For instance, 1t 1s expressly contemplated that the compo-
nents and/or elements described herein may vary without
departing from the true spirit and scope of the invention. For
example, while specific types of drug testing materials have
been discussed, any drug testing method, device or material
suitable for use 1n the disclosure 1s contemplated. Addition-
ally, while only a few drugs have been described for
detection, 1t 1s contemplated that other drugs and substances,
such as caflemne or alcohol, may also be detected using an
appropriate testing material. Additionally, different film
material other than wax that 1s suitable for use in the
disclosure 1s contemplated. Additionally, different locations
of the testing material are also contemplated. For example,
the entire beverage container (or at least a portion thereot)
exclusively may be the testing material shaped as a beverage
container. Accordingly, this description 1s to be taken only
by way of example and not to otherwise limit the scope of
the invention. Therefore, 1t 1s the object of the appended
claims to cover all such variations and modifications as
come within the true spirit and scope of the invention.

What 1s claimed 1s:

1. An apparatus configured to test a beverage, comprising:

a straw, wherein the straw comprises a material; and

an indicator chemically bonded to at least a portion of the
material of the straw, wherein the indicator visibly
reacts with a colorimetric response when the indicator
1s contacted with alcohol to indicate the alcohol 1is
present 1n the beverage, wherein at least the portion of
the material of the straw comprises the indicator, and
wherein the visible reaction with the colorimetric
response 1s shown on at least the portion of the material
of the straw via the indicator chemically bonded to at
least the portion of the material of the straw, wherein
the indicator includes a colorimetric indicator, and
wherein the indicator 1s chemically bonded to at least
the portion of the matenial of the straw via at least one
of an itramolecular bond and an itermolecular bond.
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2. The apparatus of claim 1 wherein at least the portion of
the maternial of the straw comprises a film, and wherein the
film comprises the chemically bonded indicator.

3. The apparatus of claim 1 wherein the visible reaction 1s
shown on at least the portion of the material of the straw via
the indicator chemically bonded to at least the portion of the
material of the straw when a concentration threshold of the
alcohol 1s present 1n the beverage.

4. The apparatus of claim 1 wherein the indicator 1s at
least one of present on a surface of at least the portion of the
material of the straw and within at least the portion of the
material of the straw.

5. The apparatus of claim 1 further comprising a second
indicator chemically bonded to at least a second portion of
the material of the straw, wherein the second indicator
visibly reacts when the second indicator 1s contacted with a
second substance to indicate the second substance 1s present
in the beverage, wherein the second substance and the
alcohol are different.

6. The apparatus of claim 1 wherein the indicator 1s
chemically bonded to a monomer of a polymer of at least the
portion of the matenal of the straw.

7. The apparatus of claim 1 wherein the indicator 1s
chemically bonded to a monomer of a co-polymer of at least
the portion of the material of the straw.

8. The apparatus of claim 1 wherein at least the portion of
the material of the straw comprises a second material, and
wherein the indicator 1s chemically bonded to at least a
portion of the second material.

9. The apparatus of claiam 1 wherein the indicator 1s
chemically bonded as a self-assembled monolayer (SAM) to
at least the portion of the material of the straw.

10. The apparatus of claim 1 wherein the indicator 1s
patterned on at least the portion of the material of the straw.

11. The apparatus of claim 1 wherein at least the portion
of the material of the straw comprises a display window.

12. The apparatus of claim 1 wherein at least the portion
of the material of the straw comprises a logo.

13. An apparatus configured to test a beverage, compris-
ng:

a stirrer, wherein the stirrer comprises a material; and

an indicator chemically bonded to at least a portion of the

material of the stirrer, wherein the indicator visibly
reacts with a colorimetric response when the indicator
1s contacted with alcohol to indicate the alcohol 1s
present 1n the beverage, wherein at least the portion of
the material of the stirrer comprises the indicator, and
wherein the visible reaction with the colormetric
response 1s shown on at least the portion of the material
of the stirrer via the indicator chemically bonded to at
least the portion of the material of the stirrer, wherein
the indicator includes a colorimetric indicator, and
wherein the indicator 1s chemically bonded to at least
the portion of the material of the stirrer via at least one
of an mtramolecular bond and an intermolecular bond.

14. The apparatus of claim 13 wherein at least the portion
ol the matenial of the stirrer comprises a film, and wherein
the film comprises the chemically bonded indicator.

15. The apparatus of claim 13 wherein the visible reaction
1s shown on at least the portion of the material of the stirrer
via the indicator chemically bonded to at least the portion of
the material of the stirrer when a concentration threshold of
the alcohol 1s present 1n the beverage.

16. The apparatus of claim 13 wherein the indicator 1s at
least one of present on a surface of at least the portion of the
material of the stirrer and within at least the portion of the
material of the stirrer.
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17. The apparatus of claim 13 further comprising a second
indicator chemically bonded to at least a second portion of
the material of the stirrer, wherein the second indicator
visibly reacts when the second indicator 1s contacted with a
second substance to indicate the second substance 1s present
in the beverage, wherein the second substance and the
alcohol are different.

18. The apparatus of claim 13 wherein the indicator 1s
chemically bonded to a monomer of a polymer of at least the
portion of the material of the stirrer.

19. The apparatus of claim 13 wherein the indicator 1s
chemically bonded to a monomer of a co-polymer of at least
the portion of the material of the stirrer.

20. The apparatus of claim 13 wherein at least the portion

of the material of the stirrer comprises a second material,
and wherein the indicator 1s chemically bonded to at least a
portion of the second matenal.

21. The apparatus of claim 13 wherein the indicator 1s
chemically bonded as a self-assembled monolayer (SAM) to
at least the portion of the material of the stirrer.

22. The apparatus of claim 13 wherein the indicator 1s
patterned on at least the portion of the material of the stirrer.

23. The apparatus of claim 13 wherein at least the portion
of the matenal of the stirrer comprises a display window.

24. The apparatus of claim 13 wherein at least the portion
of the matenal of the stirrer comprises a logo.

25. A method for producing a testing device to test a
beverage, comprising:

selecting an indicator that shows a visible reaction when

contacted with alcohol in the beverage; and
introducing, by chemical bonding, the selected indicator
to at least a portion of at least one of a straw and a
stirrer, wherein the visible reaction 1s shown with a
colorimetric response by at least the portion of the at
least one of the straw and the stirrer via the selected
indicator when the alcohol 1n the beverage 1s contacted
with the selected indicator introduced to at least the
portion of the at least one of the straw and the stirrer,
wherein the selected indicator includes a colorimetric
indicator, and wherein the indicator 1s chemically
bonded to at least the portion of the material of the at
least one of the straw and the stirrer via at least one of
an intramolecular bond and an intermolecular bond.

26. The method of claim 25 wherein introducing the
selected indicator to at least the portion of the at least one of
the straw and the stirrer via chemical bonding comprises
dissolving a reactive chemical group with at least a portion
of the selected indicator, wherein at least the portion of the
at least one of the straw and the stirrer 1s chemically bonded
to at least the portion of the indicator when dissolved with
the reactive chemical group and introduced to at least the
portion of the at least one of the straw and the stirrer.

27. The method of claim 25 wherein mtroducing the
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the straw and the stirrer via chemical bonding comprises at
least one of pre-attaching and post-attaching the indicator to
at least the portion of the at least one of the straw and the
stirrer.
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28. The method of claim 25 wherein the selected indicator
1s introduced by a machine with an additive added to the
machine.

29. The method of claim 28 wherein the machine com-
prises a dishwasher.

30. The method of claim 25 wherein the selected 1indicator
1s chemically bonded as a self-assembled monolayer (SAM)
to at least the portion of the at least one of the straw and the
stirrer.

31. The method of claim 25 wherein introducing the
selected indicator to at least the portion of the at least one of
the straw and the stirrer via chemical bonding comprises at
least one of spraying, dipping, rolling, stamping, printing,
and evaporating.

32. The method of claim 25 wherein at least the portion
of the at least one of the straw and the stirrer comprises a
f1lm, and where introducing the selected indicator to at least
the portion of the at least one of the straw and the stirrer via
chemical bonding comprises applying the film to any portion
of the at least one of the straw and the stirrer.

33. The method of claim 25 further comprising selecting,
and 1ntroducing a second indicator chemically bonded to at
least a second portion of the material of the at least one of
the straw and the stirrer, wherein the second indicator visibly
reacts when the second indicator 1s contacted with a second
substance to indicate the second substance 1s present in the
beverage, wherein the second substance and the alcohol are
different.

34. The method of claim 235 wherein the visible reaction
1s shown on at least the portion of the matenal of the at least
one of the straw and the stirrer via the selected indicator
chemically bonded to at least the portion of the material of
the at least one of the straw and the stirrer when a concen-
tration threshold of the alcohol 1s present in the beverage.

35. The method of claim 25 wherein the selected indicator
1s at least one of present on a surface of at least the portion
of the matenal of the at least one of the straw and the stirrer
and within at least the portion of the material of the at least
one of the straw and the stirrer.

36. The method of claim 25 wherein the selected indicator
1s chemically bonded to a monomer of a polymer of at least
the portion of the material of the at least one of the straw and
the stirrer.

377. The method of claim 25 wherein the selected indicator
1s chemically bonded to a monomer of a co-polymer of at
least the portion of the material of the at least one of the
straw and the stirrer.

38. The method of claim 25 wherein at least the portion
ol the matenal of the at least one of the straw and the stirrer
comprises a second material, and wherein the selected
indicator 1s chemically bonded to at least a portion of the
second material.

39. The method of claim 25 wherein the selected indicator
1s patterned on at least the portion of the material of the at
least one of the straw and the stirrer.

40. The method of claim 25 wherein at least the portion
of the material of the at least one of the straw and the stirrer
comprises a logo.
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